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most able and interesting contribution to scientific literature. — 
The Modern Physician, 

May, 1879. 



PRELIMINAEY REMARKS. 



It is intended in the following pages to point out certaiu 
novel characters in regard to the influencing attributes of 
Matter — by displaying through particular facts — tlie true 
agency that the atomized and unatoniized or ultragaseous 
worlds, exercise in the economy of Nature. Added to whicli, 
will be an investigation into some of the more abstruse Laws 
governing the various kinds of Motivity. Also an inquiry 
touching the action of the Life -Principle as it inanifests 
itself, whilst governing the development of tlie vegetable and 
animal kingdoms. Fui-ther, the MaterialiIty of Electricity, 
BQeat, Light, Colours, and Sound, are considered, demon- 
strating that these principles have most of the characteristics 
of corporalities — save that of ponderabiHty or weight. In 
addition, will be a disquisition touching the qualitative causes 
of Resistance, and lastly will be annotations on Gr.ni. ohy 
and Astronomy. 



(Y) 



DEDICATION. 



The following disquisitions are inscribed to the contemplative 
and expectant philosophical inquirers of the present day, with 
the earnest anticipation that they may be incited to examine 
more profoundly into modem discoveries, and thus arrrive at 
that epoch wherein shall be displayed infinitely more wonderful 
disclosures than any at present developed ; bestowing on man- 
kind new fields of knowledge, which, with their uses, as yet lie 
buried deep in the bosom of beneficent nature. 

These forthcoming expositions will also be found to lead those 
who do or shall believe only in the existence of ponderable 
matter, to unmistakably discern that this substantive entity — 
upon which so much of their faith rests, and to which they 
attribute almost every capability — is unequal, by itself, to 
develop or be the evolutionary cause of any one event or 
occurrence, however simple that incident may be. 

I am impressed to state, with the greatest confidence, that 
the fiiture inquirers into science and philosophy will be enabled, 
as time rolls onward, most positively to demonstrate that all 
results — ^whether natural or mechanical — must be developed or 
brought about, either through imponderable spiritous-matter, 
as heat, electricity, magnetism, &c. ; or through certain weight- 
less spiritual-material essences, such as the life-principle of the 
vegetable and animal kingdom ; and lastly, the supereminent, 
reasoning soul-element pervading the system of man. 




(«) " When Bishop Berkeley Mid there waa no matter, 

And proved it, 'twas no matter wbat lie eaid/' 

Don Jl-ak, Canto xt 

(Ii) If thonght wafi a capacity of matter, the roch, like the man, should 
bo endowed with a thinking capacity. 

(c) Hen of a(;ience mostly occupy their time and abilities in contem- 
plating or examining into the productions of Nature, rather than employ- 
ing tlieir energies in searching after the modes through or by which she 
fabricates and evolves the seqaentsof her laUours, 

(_d} As regards ponderable or gravitating matter, I would ask, Whence 
came it, and to what final end does its economy tend? Further, how 
much of it, when called into being, in persistent, and what portions of it 
are evanescent? 

(e) Nature whilst fashioning her ponderable productions (unlika 
mathematicians during their artLficial labours) never employs circles, 
right-angled (mbes, and squares or straight liuesi nor did she ever fotm 
in her euonomy a non-polar sphere, but, on the contrary, all her evolu- 
tions, as to outline, tend to the ellipsoid, rhomboidal, hexagonal, curvi- 
linear, and obovate, coofiguratians. Relative to the Utter dgurfli 
whether imagining the form of an atom, contemplating the feature of % 
dew-drop, or the shapes of the fruits of the earth, each is ovate, or 
resembles the planetary and solar syKtems in being flattened at their 
poles. In addition, all the grand productions called into being, and nse< 
ful discoveries made in the arts by man or woman, were brought to light 
mostlj by persons incapable of measuring the magnitudes and bearings 
of things or objects by means of figural catculations- 

(/) Wherever matter exists, tliero must follow motion, and in all 
regions where these obtain — as regards the supci'ficies of conglobate 
worlds—there must be life. 

(g) The suppositious and indofinito thoughts of philosophers are 
mostly of little or no nse — in fact, they are generally injurious by reason 
of tending to prevent inatructivo inquiry. Every individual, whilst 
preting, should speak and write concerning that which he knuic 
comprehtnd*, and never indulge in conjectural ities. 

(A) It is the knowledge of facts — the resnlt of experience, and n€ 
theories and lijpothesea — which teaches ur calls forth wisdom. 
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The present Essay on Matter was in part commenced as far 
back as 1845, at which period I held fast to the doctrine of 
?klatfrialism. 

During the above-named year it was my fortunate destiny lo 
meet with a case of clairvoyance, which natural phenomenon 
became developed through my own manipulations, and at a first 
sitting. I would here remark, that this most extraordinary 
ability burst unexpectedly upon my senses, and in an instant 
swept away all distrust as to the being of a soul, or of its future 
existence ; and this after I had professed scepticism — as regards 
these subjects— for many years. 

The predominance of these doubts led me, during a long 
period of ignorance, to associate with the crowd of unbelievers, 
instead of gleaning knowledge thi-oogh self-experience, by 
walking in Ihat path trodden by the few, in which were 
realised the eventful facta, that alone could have convinced 
me of my erroneous persuasions. It may be here mentioned, 
that the individual first experimented upon by me was the 
afterwards celebrated Ellen Dawson, who, at the time of my 
mesmeric applications, was labouring under frightful disease of 
the heart, of which she became rapidly cured. Since this — my 
firat effort to heal " by tlie laying on of hands" — I have called 
forth the transcenrlant ability of cleai'-seeing, in forty-seven 
different patient«, of all mnks, fiom Madame la Comtesse down 
to the peasant-girl, and from tlie ■simple school-boy up to 
the man of letters; yet I once presiuiied to deride this lucid 
capability, thinking that all who confessed to the fact in 
question were eitlier mad, foolisli, or untrutliful; though that 
feet liad been announced as a verity in all ages of the world, 
equally by the thoughtful and learned, as well as the wise through 
experience, I would pointedly confess tliat it was this luculent 
capability — and that a lone ^appertaining to the animal economy, 
which precipitated me from my materialistic throne, upon which 
I had so long placed myself in ignorant exaltation. 

It may be as well, perliaps, here to state by way of creating 
confidence in my perceptive faculties, that I had for manyyears 
of my life, previously to witnessing clairvoyance, been a diligent 
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and successful teacher of ineii, which occupation may sen'e to 
vouch for my industiy whilst walking in that path in which 
can be acquired bo much knowledge — " for by teaching we are 
taught." I would, moreover, araiounce, in order to attract 
additional attention to my capabilitiea of discernment, that I 
had the advantage of being under the tuition of the first masters 
of the age, among whom I may mention Professors Owen and 
Faraday, &c. Further, there was a period in my existence, when 
I at times flattered myself that I was well versed in most of the 
phenomena belonging to natural and experimental philosophy ; 
and I had also aiTived at the conclusion that most of the prin- 
ciples taught in the schools were correct. But experience and 
reflection have shown me, that much appertaining to the teach- 
ings of scientific professors are but empty theories, which are 
found to crumble into "shadowy nothings" when tested and 
explained by the capacities of clairvoyants. Apologising for 
these personal observations, I would observe, that this clear- 
seeing abiUty was often developed in and exercised by those 
rather deficient in organisation and often void in education. 
This simplicity of character will be readily recognised, when it 
is known that many of these seers were quite young, and some 
of the more advanced in age were wanting in worldly experience; 
yet, notwithstanding these defective conditions, they, in the clair- J 
voyant state, could readily read the history of the past, and I 
propliesy accurately of the future, and also well and conectly * 
describe the phenomena which were transpiring in Nature's 
laboratory, and likewise clearly define the whereabouts and 
growth of certain minerals and springs of water, hidden in or 
under the earth. In addition, they could point out the in- 
fernal workings and economy of the hving plant and animal, 
and were most astonishingly versed in cause and effect. Again, 
they could sueccsafidly prognosticate concerning disorder and 
disease, and prescribe for and heal the sick, after the same 
manner as did the Pythoness and Prophet in the Temples, or 
rather Hospitals, of the ancient Eastern Therapeut;e. There is 
one character belonging to these clear-seers we would mention : 
that they never attempted, if honest and truthful of purpose, 
to guess or surmise when or how certain fiitiu^ occurrences or 
condition of tilings would transpire, but mostly — and without any 
noticeable effort — decided after what mode coming events and 
circumstantial effects would be unfolded. It might he stated, 
by way of creating more confidence in my assertions relative 
to the capacities exercised by clairvoyants, that the foregoing 
facts did not rest upon my own discernment or perceptive 
abilities alone, but were witnessed aud attested by very nu- 
merous tmtli-seeking compamons, who surrounded me whilst. 
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I was exploring in these fields, once held sacred, which are 
still, as yet, shut out from the rude entrance of the doubter and 
the general world. I would moreover state that my fellow- 
examiners into the above phenomena were men of the first 
education and endowed with very capable intellects, numbering 
among them persons of the highest rank, professors of physic, 
law, and divinity, to whom may be added many of the first 
authors of the day. For a list of their names I refer the reader 
to my work on "Will- Ability." I would, in summing up, again beg 
leave to apologise to my readers, for the positive language in 
which this article is written, as well as for the individual state- 
ments discussed ; but, the intense desire I feel to incite future 
investigators to enter upon and explore this at present obscure 
path in which I have reaped so much wise experience and 
enjoyment, must plead my excuse for the somewhat arbitrary 
diction of this introduction and following essays. 

Joseph Hands, M.R.C.S., &c. 



84, The Geovb, 

Hammebshith. 




According to the theories . desired to be inculcated in the 
following disquisitions on Materiality, it may be necessary to 
suggest, that 1 deem the primary ethereal elements (rfunparticled 
or undeveloped matter to be at first atomised or corpwHculated 
in Nature's creative laboratory, by the growing organisms that 
Burround us, and thus they become the vital molecules which 
constitute the component parts of living entities. And be 
it further observed, that when these organised forma die. and 
their tissues become decomposed into gases, vapom^, dust, &e., 
Kature can never again directly employ these results of decay, 
either in their supposed simple state (as that of carbon, oxy- 
gen, itc), or in the compound condition (as under the express 
form of water, ammonia, carbonic acid gas, itc.), to feed upon 
or form any new or fresh productions tliat may appertain to 
the animal and vegetable kingdoms. Be it understood that; 
when organic matter, obeying the laws of tiie universe in the 
economy of vital Btnictures, returns to its original character of 
imparticled, non-resistent matter, then alone is it available for 
the building up of a new succession of organic forms. 

It is necessary that my readers should constantly bear in mind, 
that the euperficial stratified rocks and earths of which our globe 
is constituted were all once pregnant and qtiickened with a lifo- 
principle, and owe their primary origin to tlie animal and vege- 
table kingdom of the past and present eras. 

The views hereinafter advanced may be siunmarised in the 
following propositions :- — 

I. Matter primarily exists in an iindevcloped, unparticled, or 
non-resistent form, of which by combination our simples, such 
as carbon, oxygen, &c., ai'e composed. 

II. All matter in its transformation from one oi^nic form 
to another, as in the nutrition of plants or animals, Iins to return 
to the piimary unparticled state before it can be applied to the 
building up of the structm-e which it is destined to nourish, 
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. Mattes*— (a) "What is it ? Whence came it? And what areita 
yaried economies, whilst obeying tho laws which direct and preside 

? ita every change — whether in motion or apparently at rest? 
(6) How much can we at present comprehend of the qualities and 
capabilities of matter heyood its physical bearings ? (c) Belative to 
the ultimate principles, the combination of which form our present 
Buppoaed simple or single bodiest (the nnn-compound ponderable 
elements of the schools), what know we ? Lastly, tho question might 
sometimes be asked, and with reason, relative to many of the very 
unstable conditions of certain kinda of matter. What has become of it, 
and whither has that objective substance gone that we, a short time 
since, palpably handled or contemplated, and under what character 
will it again afi'ect <mr senses? What satisfactory response can be 
made to these questions ? Of the ultimate nature of extended ma- 
terials, the human faculties, as commonly employed, do not take 
cognisance, nor can the data be furnished through observation or ex- 
periment (by our present recognised senses) on which to found an 
abstract investigation of it. All that is at present supposed to be 
known of ponderable bodies are their genera) properties, as perceived 
by our five recognised receptive faculties. The contingent qualities of 
material existences are said to be mobility and weight. The essential 
attributes of matter are stated by tho ancients to be (1) Divisibility, 
(2) Impenetrability, (3) Poi-osity, and (4) Compressibility. 

2. In the current period, though, amid vast sources of knowledge, 
all of which tend to lead to new discoveries, we are constrained to 
confess that at present we can understand or surmise very little, if 
anything, of tho naturally obscure tendencies or operations one upon 
the other, of the elements constituting what has been termed matter. 
It is conjectured that whatever event or experience has been im- 

• Mailer (jnaleriei). substance. 

t Ju cmbon, oijgen, hydrogen, nitrogen, and the different mBlals, 4c., &c. 
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pressed on any single atom or comlsination of atotna relating to matter, I 
has also been stamped upon or imbibed by every other molecule ii 
the universe, and will continue to be printed or photographed, so to 
express it, upon every succeeding group of corpuscles that shall in 
the future ever enter into combination Tvith each other. In addition, 
we are especially lost whilst surmising as to the antecedent state of J 
matter in the long past — when u-hat we now term life or vitalised ■ 
atoms, were a nonentity in anything or distinct formation, Ourl 
astonishment is still further enhanced aa we make the attempt tol 
comprehend- — even in imagination — the shadowing forth of the t 
primary action of the laws which predisposed and then governed and ■ 
directed the disposition of the earlier material essences, whilst they || 
were in preparation for the asaumption of some of those propertieajr 
under which they are now presented to our very varied sense-recep- I 
tive faculties ; and it may be observed that a vast number of those J 
properties and abilities have yet to be discovered, and their pr»-l 
minent uses pointed out. 

3. In eiamining the leaves or strata of the globe we inhabit, it has ' 
been recognised, that there have been from time to time, immense 
changes in the mioeral, vegetable, and animal kingdoms. We also 
further discover that there were added or developed at distinct periods, 
certain — at present conjectured to be — simple or unmingled bodies to J 
the world's constituents, which had no being in an earlier era of the J 
earth's existence, and that these uofoldments of materiality at subse- 
quent intervals entered into combination, the one with the other, to 
form particular compound productions and associations, which became 
the antecedents of some of those bodies that now act upon our per- 
ceptive faculties. Many blended eompositiona — originally formed, aa 
before stated, from unparticled orthe ultimate elements of matter— have 
also been discovered to east in some of the later crusts of our planet, 
which had no being in a former age, as to their present configuration 
and quabty— such, for instance, as those belonging to some of the 
metals and their compounds. Be it also noticed that we in our 
laboratories — like Nature during her labours^are constantly, at the 
present period, chemically forming or creating new compounds, ■ 
that have no being iu the materiaJ world, as now known to us. I 

4, As out of nothing there can never originate a something, we are 
led to suppose^from witnessing certain developments, that there must 
be states, qualities, capabilities, and commixtures of imponderable 
matter, which have hitherto escaped, and for ages will jwrhaps still 
elude our capacities to grasp. Through these auppositioas we are 
incited to infer, that the physical exbtences we now regard as simple 
or idngle bodies — as before suggested — are themselves compounded 
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out of certain tenuous elements of undeveloped or uaatomiscd matter, 
the characters of which are so rare or subtile, that they have up to 
the present time escaped our intellectual energies to detect. 

5. Whilst reflecting en this subject, I am letl to conjecture that 
(here was once a cycle when all the gravitating material e.<:istencei we 
now behold, subsisted ia a state quite as ethereal or unsubstantial as 
are the weightless elements now presented to our feelings or senses, 
under the forms of light, heat, electricity, and magnetism, to which we 
may add those of sound, colour. Sue. There can be little doubt, that in 
the far back period of the eternity of time, unconcentrated or un- 
formed matter entered into a closer intermixture with these said im- 
ponderable spiritous essences of sound and colour-eiciting principles, 
and also with the luminous magnetic, electric, and calorific entities, 
than they do at the present time. 

6. It would appear from certain evidences, that in the course 
f the unfolding of Nature's laws there came a revolutionary period 

when these eubtilely-mixed or volatile elements separated into comet- 
like divisions. 

'. The breaking up and Ihe after-concentrations of the ethereal 
constituents, which once filled indefinite extension, into masses, 
gave rise finally to the formation of the different star-suns of 
the universe. Our world light-exciting orb at the present period 
turns on its axis once in twentj'-five days, but when this lumiuury's 
circumference extended as lar as the earth, the sun, from which our 
globe broke or was thrown off, required 305 days to effect a revolution 

its axis, but when the periphery of the great luminary of day 
extended further into space, where it flung off the more distant 
planets, the time of its revolution was, of course, proportionately 
lengthaied out. 

In continuation : From these star-suns, whilst revolving on them- 
selves, there broke loose, from time to time, their now accompany- 
ing planets, some of which latter in turn threw off certain rings,* 
like those belonging to Saturn, which at periods divided ioto moon- 
satellites, similar to those of Jupiter ; and finally all became the 
attendants of the sources from whence they sprang, thus constituting 
altogether the vast luminous firmament, part only of which is visible 

18. It may be further supposed that the conditions of the fore- 
going primary nucleated masses, after revolving through countless 
ages, mixing and remixing, first as " airy nothings " or unimaginable 
ethereal existences, then assumed the forms of thin vapours, which in 
time put on the character of teimous fluids, that afterwards became 

" Faroiliarlj illustrated bj the flying off eamotinies from tho ouler edge of a 
gc'raieiaar, iU rim, or margin, nliilst rapidly reiolriug on its uii. 



the liquid products, in which was formed certain soluble bodies, tliafc 
by acting and re-actiug on each otSier, througti intiumenkbie periods ot 
time, finally approached the cha-racter ol' the elemental products now 1 
in being. I 

8. Out of heat, electridtj, magnetiam, and other subtile or rare ' 
principles originally conatitutiug amorphous or nupartided rantter, 
were developed the compound — as we presome them to be— atoms, 
monads, or corpuscles of the schoolB, of which the sphere we now 
inhabit is conjectured to be composed. Further, the different metals 
and their o.tides, which in part constitute the rocka and soils that pen 
in the rivers and the mighty sea, with its world of waters, ore made 
«p of the molecular aioma so tleri»ed. The gaseous elements sua- J 
tained by the earth and ocean, which enable us to live aa breathing! 
animals, owe their derivation to the same sources. 

9. From the above conception of the origin of the formations out 
of which sprang all the physical existences that everywhere surround 
us, I shall pass onwards to tJie contemplation of other seqnents, 
which have issued forth and are atill emanating from Nature's 
laboratory ; and while thus proceeding I will endeavonr to picture the 
modes by which she eftiscts her purposes whilst giving birth to the 
varied products she has presented to our seiiaea ; or 1 would, at 
least, try to make more particular inquiry concerning the why and 
the wherefore of certain results, which up to the preaent day have 
obt^ed but little notice trom philosophers beyond the general 
records touching their indiiidual being. J 

10. It may be suggested that the extreme tenuoiis op impalpablft^ 
condition in which the last world of matter once was (as previously n 
suggested) can in part, as circumstances require, exist again- In 
fact, certain of these rare unpartieled or unatomised corporeal 
elements (to he hereinafter d acussed) still obtain or have a sub- 
sisteuce, though we at pre*ent fail to demonstrate their positive 
form of entity, 

11. In proceeding with our subject I shall endeavonr to show that 
all kinds of matter — of whatever description or condition — are con- 
tinually interchanging certain principles, ami thereby altering theiTM 
state of being, but the natural capacity of this action between distinct ■ 
bodies, escapes at preaent our abilitiea to detect or display. 

13. By comparing some of the supposed aimple or tindecompoaablffa 
elements of the schools, one with the other, inidor diilerent circum-.J 
st-ancea,or rather conditions, to what hitherto they hare been examined! I 
we shall be enabled to form n better conception lelativo to their — mI 
before noticed— compound atatos, and conaequent bearings in tbBl 
economy of Nature. 



13. In seftrching into the characteristics of hydrogen gas, wb 
discover that when imcombined witli other ponderable bodies, it is 
the moat rare, and lightest ktiown material, with which we aro 
acquainted. It should also be remembered that under certain con- 
ditions, this gas is capable of uas-umitig, like nitrogen — the chief 
constituent of the air we breathe — the property of a metalloid. It ia 
also found that hydrogen is capable of combining (after the manner 
of some of ovir heaviest metals) with definite proportions of certain 
gaseous elements. Thus, we ran oxidise hydrogen, by uniting free 
electricity with it, in the presence of oxygon, or fay burning it when 
exposed to this latter gas; through eilher process the protoxide of 
hydrogen or common wat«r is formed, which consists of two measures 
of this last element and one of oxygen. It may be here noticed that 
aqueous fluids maybe crystallised by the abstraction of heat, and 
contrary to almost every other substance in nature, water is increased 
in volume by solidification. But to return, wo can also by a chemical 
process peroxidise hydrogen t moraover this subtile gas is found to 
combine likewise with chlorine, forming hydrochloric acid or spirits of 
salts. Similar unions to the above may be produced with the vapour 
or fumes of metallic mercury (quicksilver) when brought into contact 
with oxygen and ebtorine ; these latter gases also readily combine 
with any of the other common metals, especially when they are 
divided into very small fragments, or reduced to extremely thin 
leaves. Their union is likewise greatly assisted — as to time — by the 
addition of beat; with others, the junction is intensely hastened by 
employing currents of electricity or galvanism. It may be furtlier 
stated that heat, electricity, and magnetism, and most probably light, 
colour, &c., combine in a greater or lesser quantity^according to 
circumstances — with all substances, whether simple or compound ; 
but it is very different with the ponderableatomised corporeal bodies : 
they only chemically uiute with particular and definite kinds of other 
single elements, and always in given proportions. 

14. I would solicit my readers to entertain with me the supposition 
that we bad discovered the mode of resolving this said hydrogen into 
its ethereal physical constituents or ultimate elements of imponderable 
or unparticled matter. If this could be accomplished, wo should then 
be made aware, that the separate elements of which this gas is com- 
pounded, would be more subtile than the spLritous matters (so to 
call them) presented to our senses under the form of heat and 
electricity with mineral and animal magnetism, &c. 

15. lu the opening paragraph of this essay, I put the query — 
Under what laws does matter so often change its character, and after 
what manner does it sometimes disappear'to our senses and appa- 
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reiitly occupy no space ? I am impressed to here ask another question. 
Where is the locality JD which matter is not ? It tluubtJeas exlats aa 
an impocderable non-resiatent element in the fe,r far away, extendii^ I 
into the unimaginablo expanse beyond the apparent blue dome we ' 
have HO often looked upwards through, in joy or in sadiiess. Newton 
attempted to cdculate, by means of figures, the density of the rare 
ethereal form of matter, which extends beyond the confines of our 
atmosphere into infinite space, constituting that great ocean < 
scarcely ponderable medium, in -which the orbs of our system roD in 
their reapective paths, and he proposed that it must be "i 00,000 times 
lesa heavy or more light than the air we breathe, 

16. This so-called tenuous aud apparently intangible matter cati | 
also have an existence and locality between the molecules or atoms ' 
making up the living and lifeless objects that surround na. The , 
latter proposition may easily be assumed, for as we proceed with our < 
subject, we shall place before the reader certain facts, where one of 1 
two palpable corporeal bodies appear — aa far as the visual organs are J 
concerned— to occupy no locality when niised together. 

17. It is a well-kuowD experience, that we can only become coiwB 
scious or sensible of the existence of distinct objects through the 
properties that belong to or emanate from them, by means of certain ' 
qualitative undulations. If any of these issuing attributes, tbat act 
on our varied and numerous perceptive senses, become altered or 
quiescent, then the aspects and even the forms, under and through 
which we recognise things, disappear, and the bodies in question would 
then not be themaelvea — as it were, and thus conditioned they must 
present to our receptive sensations something else than what they 
were before the alterations effected in them — by abstraction or addi- 
tion — had taken place. Among some of the characteristic attributes of I 
materiahty which make us acqiiaiatcd with the being and state of ' 
external things, may be enumerated : life, death, attraction, repulsion, 
form, eize, weight, hardneaa, aollness, aweetuess, and bitteruess, to 
which may be added, colour, odour, and sound. Theae three latt«r 
belong to the family of elementary spiritoua matters, like light, elec- 
tricity, magnetism, and heat. We would further reiterate that with- 
out these said undulatory or vibratory spiritous elements, and those 
emanations which become impressed upon the sensitive surfaces of 
our nervous systems, we abould never have known or recognised the 
existence of what is commonly called crude material entities. 

"We will illustrate the subject in question by calling attention to 
the changes which ensue, as regaj-ds some of the metals, whilst being . 
chemically or otherwise acted upon. 

18. If we examine pure mercury at common temperatures, \nM 
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shall perceive it to bo a brilliant heavy fluid. By abatracting some of 
the spiritoua matter, commonly called heat, from this silver-like 
liquid, it then becomes a mftlleable dense solid ; oa tlie contrary, by 
adding a sufficient quantity of caloric to this metal, it now puts on 
the character of vaporous fumes. Further, accordingly aa we oxidise 
mercury, we can either form a grey powder — the protoxide, or red 
scales — the peroxide — of this metal. 

19. In extending our obaerralioiia to the changes of substances 
03 regards their qualities and appearances, it may be noticed that if 
we combine the oxides of most metals with acids, they then form 
Boluable salts, as alum, soda, potash, sulphate of iron, zinc, .fee. These 
latter states cause different bodies to be deprived of all their former 
characteristics. 

20. By dissolving some of our arthydrous* metallic salts in water, 
vfe lose sight of them altogether, as far as their occupying any appa- 
rent space is concerned, for none of the aqueous fluid — if pure — in 
the vessel will be displaced by the careful addition of the dry or 
waterless salt. 

It has long been demonstrated that salts containing water of 
crystallisation, dissolve in fluid without increasing its bulk more than 
is due to the water present in the solidified salts. This Jact was iirst 
observed by Dr. Dalton, who remarked that certain hydrated salts, 
on Bolution in water, increased its volume by a quantity precisely 
" equal to the proportinn of water held in combination. Thus, from 
theforegoiug we see that each mutation causes a transfiguration, or 
difference in the quality of substances, and consequently their 
properties and appi-arances are metamorphosed, as tar as general 
recognition is concerned. 

21. Having traced in the foregoing sections, some of the changed 
aspects and capacities assumed by the metals under diilering cir- 
cumstances — as when pure and in combination — wo may perhaps, 
with advantage to our subject, mark down some of the varied con- 
ditions of carbon, as found alone (that is in its simple elementary 
state, as it is presumed to be by the schools) and in combination with 
other bodies. 

22. The uninitiated would never conjecture that the diamond was 
merely crystallised charcoal, but the educated experimenter well 
knows that this gem will burn rapidly, like a piece of fuel, when 
heated io oxygen gas, and the sole product is carbonic acid. In 
addition, charcoal at a very high temperature can exist as a vapour, 
whilst over red-hot iron, as in forming steel, or when in vacuo, acted 
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upon by thu gdvanie current. It liere pasites from the negative to 
the positive pole in the state of an aeriform elastic fluid or fume. 

Again, how differeut iti its qualitiea and disposition is carbon whea 
it asBists ia farming or beeomsa allied to the liviug tissue of an 
aniouil. The distinctive bearings of this materiat is again varied, aa 
met with under the form of cool. No one unskiUed in botanical 
pbjsiology would at iirst imagine that this same principle — under 
another tbrm — constituted the base of tho living tree in the forest 
and the herb of the field, 

23. I am further impressed to a^k the question. How. and in what 
way, does carbon originally or primarily enter into and make up the 
chief constituent of plants? The growing vegetation does not ubtaia 
it, under any of the phases known to ns, from the air, or from the 
soil, as evidenced — relative to ibe latter — by shrubs being enabled to 
increase in siee, though growing out of the stony crevice of an other- 
wise barren rock. Some plants may be seen to shout aiid becomo 
developed, even idiile suspended in the ajtmospbere by a piece of 
string, or hanging irom the limb of a, tree, &c., as noticed with some 
of our aerial vegetation, and certain creepers, cryptogamic mosses 
and floaLing aquatic plants, (llelative to air-plants, this name IB 
given to any kind of vegetation which grows without roots pene- 
trating the earth). The most extensive natural order in which air- 
plauts are found is the ortkiUiLceix, thousands of species of which 
literally crowd the forests of hot ctimat«e. Nest to these range 
brometioceous plants, some of which will live for months suspended 
freely in the air, or tied to iron or stone balconies. Various species 
of ^/fcus (fig-tree) and some Gesntracat have similar habits. The only 
real air-plant that grows wild in Great Britain is tiie cttscufa ift 
common dodder, a curious thread-like twining plant found on some 
heaths. Again, the earth placed in a box or tub has been caretiiUy 
weighed before a given tree was placed in its contained mould, which 
was again examined by the balance twenty years afterwards, without 
the soil in which the Hhrub grew being in any way diminished. In 
f:ict, the woody fibre of the tree so produced outweighed the box and 
it^a contents. 

24. The eurbon found in otir surrounding vegetation, was not 
obtained from the air, for that is and ever has been, as a liw, the sama 
(except that local and very limited portion derived from the uarbuuised 
oiygen given out by animals and by plants in the absence of lighfr 
and also at periods from certain portions of the earth) as it wm 
thousands of years 1:^0; in proof of which I shall place before 
reader a few facts illustralive of my assertions. 

2o. It was discovered on eiiuninatiou that the air sealed tip L 
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bottlp nearly 1800 years ^o in llerculaneuin, contained the aame 
proportion of carbonic acid as it does at the pii>iient day, vie., one 
part in a thousand. This comparative quantity would be found to 
obtain whether we analyse the genenil atmosphere on the surface of 
the eartlv, or forty miles high on the summit of our aerial elements, by 
reosQD that ga«es act as vaaia to each other. 

26. It vras formerly conjectured by some hasty reasoners that at 
the peiiod when Ae ptaata and forests were growing, which finally 
formed the coal-strata, the atmosphere of the earth was cbteHy com- 
posed of carbonic acid, in order, as they supposed, to supply the then 
vast vegetation with carbonaceous food. But mature reHection and 
certain facts teach ua that such a e9ndition coidi not liave obtained ; 
had this been the state of their surrounding medium, it would have 
acted as a poison to the thei* plants, as it would to the neto animals. 
It ia very well known from experience that the botanic world can 
only tolerate a certain proportion of c^irbonic acid in the air, via. : one 
in a thousand parts; if a greater quantity prevailed, the tree and 
herb would become poisoned, and of course perish. Ijome trees, and 
especially the lig, are alvvays exhallug carbonic acid, both by day and 
night. It has long bi.^en very q'testianabh whether plants can take 
up oxygen or carbonic acid direct frura the air. It was conjectured 
by soma individuals that the vegetable world became aouriahed from 
the ammonia that pervades, more or less, the atmosphere ; but I shall 
J of niy artide prove, I think, that if the botanic world 
does absorb the above-mentioned bodies, it instantly decomposes or 
de-atomises them into their ultimate pristine amorphous imponderable 
elements, and in this way they may assitt in materialising the vegetable 
kingdom, which latter, I shall presume to state, is chiefly, if not 
altogether, built up from the above unpai'ticled and weightless matter, 
which is everywhere diffused, even throughout unimaginable space, 
and doubtless is the only original source of the growth of animals as 
well as plants. 

27. It should not bo forgotten whilst on this subject, that in 
general the vegetable kingdom does Dot take up, nor can it create or 
form carbonic acid butin the presence of light and actin; and of course 
the more intense the aerial lucidity, the greater the proportion of acid 
', fir rather carbon formed by the in-born economy of the 
plant itself. Now as the sun's magnetic rays"-^«hich rouse by 
electncal action the heat and light constantly present in our atmos- 

□Bpliere uf llio euii U uii(|Un,tii>Dnbly not the result oF uti 
igneom proOBM— a) genonillj underatuod— but Buauea fruiii n eontinual muti?B 
eltoiriuul action goiaj; oil ia ill uerirorin tnetalluiil e 
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pherJ — \yeTe the same in quantity and quality, accortUng to 

BeaaoQs or other variations, luilliocH of years ago as i 

there could not have been sufficient aerial light roused into action 

incite the different plants to form more carbon, or taki 

portion of carbonic acid from the iiir, at that fer back period, t! 

they could be enabled to accomplish at the present day. 

The light and warmth of the earth and air only in part, aa befoi 
noticed, emanate from the Bun, but are contained in the atmoapbi 
and the constituents of the plaaet we inhabit. The orb of day mert 
excites, by magnetic influence, these spiritoua principles into 
or more vivid motion; for it would be found that if our aerial elemeni 
were removed, we (supposing life to stili pervade us) should never feel 
heated by, or see, the sun and stars again. Further, even if the 
common duat, aa shown by Professor Tyndall at tlie llojallnstitution, 
the bactria, cryptogamie sporules (the reproductive powder of certain 
plants) with the thousand other atomic scoriffi, or debris, and floculeut 
shreds which now pervade or float through the air, were removed, 
our apparent sun-lit dome of the day, and the star-studded canopy i^^ 
the night, would be for ever shut out from our capability to recof "" 
them. In fact, all objects would disappear from our 
and we should be enwrapped — as far aa the aun and stars are 
cemed^in impenetrable darkness. To illustrate that heat and light 
are always present in our atmosphere, can be shown by employing in 
a dark room a transparent glass cylinder, in which has been fitted a 
well-adapted piston, and suddenly condense its contained air by 
driving down the said piston, we ahall be able to elicit, or squeeze 
out, so to speak, both light and beat. This result will be evidenced 
by the luminosity called forlh by compressing th« air — like the sparks 
generated by the attrition of the flint on the ateel ; further, relative to 
thB heat, a sufficient quantity will be compressed or set in action to 
ignite a piece of jihosphorus placed at the bottom of the glass tube. 
Again, the elecfric fltiid as it suddenly flashes through the atmosphere 
demonstrates that heat and light form a part of the air we breathe. 

28. In further noticing the constituents of the atmosphen' it may 
be remarked that the eyes of the animals which had an existence ii» the 
earlier ages of the earth's being were constructed after the form and 
economy of those their now existing prototypes. The facets (faces) 
of the organs of vision belonging to these creatures — so long locked 
up in the rocks like gems in their setting — were fosliioned to be 
employed in an atmosphere of the same density as the one in which 
we now live and recognise objects. This latter circumstance relative 
to the formation of the eyes of animals most positively forbids us to 
entertain the conjecture put forward of the aerial element being 
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composed of other permflnent constituents than those at present 
found in it. In fact, the component parts making up the atmo- 
sphere are arranged aecording to a positive and neceBsary lavp or 
economy of nature, and must have been the same e\er since vegeta- 
tion and animals existed, and will coatioue bo to be whilst life peryades 
the earth. 

Persons in general have no conception of the absolute and essential 
bearinga of Nature's order of things. But the reflective mind of the 
philosopher perceives, or is aware, that if any one of the general laws 
which pervade the universe — as, for instance, the polarity of the atoms 
appertaining to all bodies — was to be changed or interfered with, if 
only for a fraction of a moment, over even perhaps a part of the great 
whole, all the vast worlds in existence and their constituents would 
melt into a " nothingness," and matter would again become, as fiir 
as our present senses are concerned, unafoiuised or iin materialised, 
firoBi this one failure in the ruling action of Nature's government. 

29. As a sequence to the foregoing points, I am led to inquire. From 
whence was derived all the combined carbon found in our rocks and 
■oils, also that which has been locked up in the different coai-strata 
and in peat-bogs, or deposited— at a later period — as vegetable mould, 
which in some of the forests of America has been discovered ert«nd- 
ing to a depth of twelve to fourteen feet ? I would also ask the same 
question relative to the derivation of the carbon now existing in the 
present living vegetation and animals. It could not have originated 
from the circumambient air, or an alteration in its present propor- 
tional constituents must have ensued, especially relative to its con- 
tained carbon ; for it is a self-evident axiom, that we cannot take 
away a part from a body, and leave the mass as it was before the 
separation. Further: Where <lo the ileep marine plants and sea 
animals obtain their constituent carbon ? This element is not found 
in the ocean, except just upon its surface, where it becomes exposed 
to the modicum of carbonic acid resident in our atmosphere. 

30. These circumstantial results lead me to conjecture that as this 
locked-up carbon was not derived from the soil or the atmospheric 
medium, it must consequently bo a compound body, made up — as 
before suggested — of certain principles or unatomised elements which 
bave up to the present time escaped our abilities to detect. Admitting 
the foregoing to obtain, the growing plant and animal most have 
the capability of condensing or causing the union of these incon- 
ceivable, un corpus culated existences — a connbination of which form 
the substance we designate carbon or charcoal. The foregoing 
economy must also occur relative to the origin of some of the 
metals and other substances. Thns we find potesh, the base of 
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which ia the metal potassium, present in the ashea produced by 
the combustion of aerial plants. Again : in the blood of land and sea 
animals we meet with iron, yet this metal is not found mixed up in 
the sea or air. It is true, iron is sometimes found very slightly 
diffused through the atmosphere, once or twice a year, whilst the earth 
ia passing through the belt of aerolites which revolve round the sun. 
— (See "Astronomical Matter,") Further: Belative to the origin of the 
metal calcium, the base of lime. Whence do the shell-fish and coraUina 
with other marine animals obtain carbonate of lime, which form the 
frames of some and the cases or coverings of other inhabitants of the 
ocean ? Certainly not from the sea-water, for that scarcely contains a 
trace of this substance, except at the mouths of rivers, which portion 
is soon deposited to assist in forming the different deltas found at the 
termination of the various streams that empty themselves into the 
mighty ocean of waters which fill up the deep cavities of the earth. 
Iq fact there is a greater quantity of carbonate of lime formed and] 
deposited by some of the families of the corallina, in. a few yt 
one of our great up-growing marine submerged islands, than all the 
lime that was ever found or existed in the broadest and deepest seas. 
The same question might be asled relative to the honse-snail and 
land-crab, which latter is often found easting its shell on the 
common earth or grass, where it creates or secretes a new covering 
though enwrapped only in a few leaves, in which ensts no 
lime. Trom whence again conies the lime which forms the bony 
structure of the bird whilst within its shell? There is none in the 
soft parts of the egg, nor is there any vascular connection between 
the chick and its calcareous covering ; and if there was an association 
it would be discovered on examination that all the lime of the entire 
shell would not be equal in weight to the quantity found in the 
osseous frame of the young bird, when first breaking its prison-wall. 
Further : The egg itself is secreted and produced by the parent bird, 
which swallowed no lime, nor wao it present in the food it fed upon. 

In continuation : All the carbonate of lime, and each particle of 
our chalk-beds, were originally formed by living creatures. Every 
atom we look upon belonging to the earth's upper strata, was once 
instinct with animal or vegetable life. It is the calcareous shells of the 
animalcules termed Foraminifera, that form the white stone of which 
Fans is built. 

31. It may be perceived from the foregoing remarks, that plant* 
have the capacity of collecting certain tenuous or subtile imponderable 
elements to form carbon, and likewise to produce metals, as shown 
with potassium and iron ; and it has been also pointed out that a set 
of definite animals, as the Eoophytes and ehell-fish, are capable at 
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arranging or attracting together certain amorphous principles with 
which they form lime. 

32. Eelative to the animal and vegetable origin of silicium, the base 
of silica or flint, we have abundant evidence of flJDt formation by some 
vegetables, aa in the cane tribe, and likewise by a particular race of 
Animals. 

Appertaining to the latter class may be noticed various infusoria 
possessing silicious or flint shells, which shells these animals secreted, 
or rather they had the ability to attract certain ethereal imparticled 
prindplos resident in the waters they inhabited, by meaas of which 
they formed silicium, this latter being united to the pristine elements 
that go to form oxygen, constitutes silica," of which these cases are 
made up. Now the fluids wherein these flint-pro duciug creatures 
are generated do not contain silicium or its oxide, sUica. This 
sequence of things proves that Nature possesses or exercises an 
alchemy of which we as yet kuow nothing beyond the bare fa«t of the 
existence of her productions. Tes, Nature has an occult chemistry 
of her own, by means of which all organic and inorganic bodies are 
formed and afterwards arranged. She at distinct periods has collected 
or brought together into her laboratory, the diflerent nnatomised 
ethereal eUm&rUx with wliich she has fashioned the earth, and is now 
creating the trees and shrubs of the forests, and the vegetation and 
flowers of the fields, that in turn through her means will help inpart 
to develop or at least influence the varied living beings surrounding 
us. The subtile unparticled and imponderable principles that Nature 
employs to perfect her productions are very unlike those at our 
command, as is the procedure in executing her work. The economy of 
Nature's operations is, and ever will be, during our earthly sojourn, 
B mystery to ua. The veil that now hides so many of her secrets, 
wiU only be raised to reveal them ia the schools of a future state. 

33. Different races or genera of the polygastric animalcules, as the 
Grilionella and Baeillaria, &c., have become fossilised, and furnish 
among other productions, the mineral Polir-sckeifer, used for polish- 
ing purposes. Strata of infusoria have been discovered in diflerent 
places, extending for many miles in circumference. Professor Ehren- 
berg noticed beds of living flint-produciug animals — the SJestomacete 
— 60 feet in depth under Berlin. 

We recognise in geology, that in past times the pulverised debris 
of these animals coverings' were perhaps fused, and thus formed the 
B^ments of the flint we meet with, or they may have been fiishioned 
through the process of attractive cohesion, that builds up and lays 
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down 80 many of Nature's sfcructurea or productions. Other minerals 
belonging to thia family- — as qiiartK, jasper, agate, &e. — were crj^tal- 
iaed, throngb magnetic influences, from different solutions holding 
in them the constituents of these stones. 

34, Toueliin// the Porosity of all Solid SabitarKeg. — It has been 
stated hy Newton that matter ia always permeating or passing through 
every physical existence, wliether aerial, fluid, or solid. Voltaire 
asks why there should be passages through matter, if nothing traverses 
it? 

The following farts illustrate the capacity of one substance pene- 
trating another : — 

(a) The Plorentine philosophers, by means of a screw, pressed 
water through the pores of hollow golden spheres. 

(6) It is by the quality of permeation appertaining to materiality 
that the particles making up diflerent veins of metal were deposited 
in the solid rocfc. It has also been observed that certain metallic 
crystalline lodes vary according to the rocks they have traversed, and 
are often found lying north and south, as if stored there under 
polar influence ; other metallic Teins, difiering in quality or kind, 
extend east and west, as if from diamagnetic action. 

The capacity of the molecules of matter to pervade or pass through 
the various solids of the earth gave rise perhaps to many other 
deposits found in and upon the "beds making up the different strata 
of the globe we inhabit. 

(c) Serpents of the largest kind have been known, during confine- 
ment, as for instance in a box or cage, to hatch their young, and the 
ofl'apring so produced have remained in their prison-abode until they 
trebled their original size, without the parent or her brood having 
partaken of any kind of food. The chameleons of S. America possess 
the capacity of living imprisoned for years, without taking food or 
losing weight. Whence, I would ask, came the sustenance through 
which the animals in the first case became enlarged, and in the second 
sustained? How and under what form was the nutriment conveyed 
into their systems? 

(d) So long as the eggs of insects and certain other creatures are A 
pervaded hy the life-principle, they go on increasing in size, both'] 
before but especially during the hatching or incubative period. 

(e) Dr. Carpeoter in bis " Animal Physiology," p. 1 77. relates tha 1 
case of a jockey, who being weighed before the race, was allowed to j 
take a glass of wine, shortly after ; on being again put in the scales, 
at the request of another bteresl&d person, the jockey was found to be I 
some pounds heavier than before partaking of the vinous fluid. Many ( 
similar cases have been reported by other [)erBonB, Thus anothee< J 
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rider, two hours aft«r taking a cup of tea, waa fouad to have gained 
six pounds. 

(/) In a case of disease, I oecb kttew a. woman (Mrs. Smith of 
East Street, Manchester Square) who in the course of thirty days, 
discharged from the stomach, bladder and bowek, fluids, &c., nearly 
equalling the weight of her whole body, and this without eating and 
almost without drinking. Dr. Hoojjer relates like cases, 

(g) A man affected with diabetes has voided in a short period 
llSlbs. more water than he had taken. Another patient drank forty- 
three pints of fluid in eighteen days, and voided ninety-one pints 
vfithout losing weight. After what manner was the increase of 
gravity accomplished as regards the horse-riders ? Whence did the 
discharged fluids come in the case of Mrs. Smith ? From what source 
was derived the' increase of urine in the diabetic individuals. The 
matter increasing the weight of the body in the one set of cases, and 
the acoumulated fluids voided lo the other, could not have been 
derived from the atmosphere or the earth by any mode we can con- 
ceive in our present state of knowledge. The foregoing facts point out 
to ns, that wo comprehend very little, if anything, as to the manner 
in which Nature efiects most of tha results transpiring throughout 
her economy. 

(A) Dr. Buckland and other persons, buried some toads— confined 
in a box — ^deeply underneath the soil, and on digging them up years 
afterwards, found that these animals had increased in weight. 

Prom whence did these reptiles get their sustenance during the 
long period they remained under the earth? There could have been 
no animal matter adjacent to their bodies, because the worms, snails, 
and insect grubs, &c., never go deeper than a few inches into or 
under the surface-mould, and if they did, they could not have entered 
the wooden compartment in which these batracbian reptiles were 
imprisoned. 

(t) How do fishes grew in bulk, wlien developed from spawn placed 
in a iresh-made pond ? There can be nothing in the water that we 
at present know of, which can cause the roe-eggs to enlarge before 
they are hatched, nor is there any food on which the young fry can 
feed* that could possibly be the source of the rapid growth and 
multiphcation of these piscatory dwellers in the land-locked water. 

To imagine that these auimala increased in dimensions and number 
from the few flies they might have swallowed, would be as absurd n» 
to affirm that a number of builders constructed a city with a few 
afaavings and an ounce of brick-dust and mortar. 

ir du llie iiuta apeciea of Sih — M & rule—feed on 
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(j) Under attacks of certain maladies an individual may be corpu- ' 
lent in the morning and almost a skeleton at night, as often seen in 
cholera and sometimea in small-pos, and at times in other diseases, 
as related by Dr. Gregory and various eminent physicians. Through 
what portals in theae cases does the solid flesh escape in so short & 
period, and whence goes it, leaving no trace of its passage ? Great 
eaters are often observed to be thin or of spare habit, especially 
children, as is known to many a mother. The reverse of this economy 
obtains with sorao persons, who, although they partake of little sus- 
tenance and work hard, become overburdened with obesity or fat. 

(k) Clairvoyants affirm that only one-ninth of the components of 
our bodies ia obtained or made up from the fluids and solids we 
swallow; the rest is materialised or created from and out of the 
uuparticled or undeveloped a.nd imponderable matter, difinaed 
throughout the atmosphere and the regions of space. This latter 
pabulum, say they, is absorbed into the system by thft akin, lining 
membrane of the lungs, and other tissues. The seers likewise state 
that the intestinal fteces are moa% a secretion of the bowels,* mixed 
up in a very minor degree with the fragments of the indigestible food 
we partake of. They also assert that the contents of the intestines 
are chiefly the result of the efi'ete or exhausted materials thrown off 
after being employed in the economy of the ayatera. These used-up 
substances pass into the bowels after the manner that the palpable 
nourishment, prepared from our ingesta ia attracted out of or through 
the coats of the stomach to nourish or help to form the different 
organs of the body (independent of the absorbents and blood-vessels) 
by permeating their tiaaues aftrer the process termed by botanists 
endosmose and exosmose, or penetrating and escaping through the 
pores which pervade all animate and inanimate substancea.t 

(I) When one of the jelly-like fish {Meduace) has seized and 
swallowed some sea-animal, the prey so disposed of may be seen 
to dissolve and become diffused through the whole system of the 
captor. Sheep that feed on madder, have al! their bones very rapidly 
stained by the colouring mattJr-c of this plant. Further, it is well 
known that after some chemicals and other preparations have been 
given to animals, that in a few minutes subsequently to the exhibition, 
the substances in question are found to have permeated the whole 
body, which circumstance can be proved by examining the blood, or a 
piece of the skin, of the creature under experiment. This transfusion 

• Tha child in the womb oala no food, jet wb find in the Ifiat bowel plenty of 
DKCduiHOT (mcromont), imiuadiatelj aftor birth, wliich la oquiTSlont to the Iaxe» 
produced in tha Urge intestine al ardinarj or more mature individuals, 

t 8fa Che Authoi'i worki on HomiEopathy imd DigMtion. 
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is perfectly independent of the common circulation. We recall to 
memory a case that will illustTate animal eiidoamosa and eiosmoae 
by the mere touch and even presence of certain objects. Some years 
ago, whilst attending on Sir Herbert Compton, who was the subject 
of general dropsy, I suggested that he should be mesmerised and 
that the limbs should also be rubbed to relieve his sufferings, and 
likewise the tense condition of the extremities. During the animal 
magnetism and friction, the arm of the meameriaer always became 
astonishingly enlarged as if pervaded by some fluid. It was con- 
tinually noticed that after the manipuktion Sir Herbert Compton 
became greatly relieved and less bulky, Eelative to the swelling in the 
msgnetiser's arm, this result after a short time gradually disappeared, 
and its dispersion was much hastened by walking in the open air. 
Mr. Atkinson and Dr. Aahburner can attest to the tacts of this case. 

(m) The hydropaths afford us plenty of evidence that drugs, 
chemicals, and animal matters, under the water-treatment, And their 
way out of the body, through the pores of the skin, on or into the 
cloths or compresses and sheets in which they pack their patients. 
(See article " Hydropathy," in the Author's work on " Homoaopathy," 
as. 55, 67.) 

35. It frequently appears to some of our senses, as before observed, 
that common ponderable matter, either in a BoKd or fluid state — like 
beat, light, electricity, occupies no perceptible space or locality that we 
can possibly comprehend, (See Section 20.) 

Philosophers have propounded that two difl'erent solid bodies can 
not occupy the same space at the same time ; but spiritual science 
reveals the fact that there is no such thing as a solid substance, 
all objects are dense but in seeming. In truth, viewed from this 
standpoint of real solidity, the elements composing' the whole earth 
could be compressed, as suggested, by Sir I. Newton, into the space 
enclosed by a small room. Spiritual experience has also disclosed 
that as solidity is but a seeming, one so-called solid body can pass 
through or into another without injury to either. For instance — 

('() Anhydrous (waterless) salts, as before noticed (see. 20), hold no 
apparent situation, when in solution as observed in dissolving burnt 
alum, &c., &a. 

(6) Ten cubic inches of zioe and ten of copper combine as only 
ten of brass, — " Tear Book of Pacts," p. 443. 

(c) A pint of spirits, or the same quantity of sulphuric acid, miied 
with a pint of water, ^1 far short of making up the measure of a 
quart. The mixture of the cold fluids becomes very warm, as if the 
Qoion of the liquids by condensation squeezed out heat, as pressure 
would the water from a wet sponge. A similar result — as regards 
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the evolvement of heat — is eftected by the blacksmith, who by ham- 
mering a piece of cold iron— thiia driving its molBculea closer 
together — makes the metal incandescent, enabliDg him to light his 
fire. I could greatly multiply these examples ; but the foregoing will 
perhaps suftiee to convey to the reader the evidence of the fact in 
question. 

36. I have, whilst inditing this article, asked many questions 
relative to the oecasionera of particular natural events, and inquired 
repeat-edly concerning certain incidents which are continually occurring 
around us, but we discover that the subject of causation is a very 
difficult skein to unravel ; and we know by experience, that it ia 
pervaded by a thousand entanglements, which lead and often mislead, 
out of one maze of perplexity into that of another. When we think 
that we are near tho discovery of the source of this or that result^ 
there is evolved somo point or occurrence which destroys 
conceived opinions or the coQcluaiouB we expected to arrive at. Every 
eifect that acts upon our numberless senses, is the result of a chwn 
of causes. Had any one of the links of the chain or si 
broken or interruptfld, the result we experienced or witnessed wouldi 
not have occurred. 

37. Some of the foregoing circumstances serve to show, that dis-i 
tinct particled, also wtparticled nondeveloped or the ultimate elementBrt 
of unatomised matter, came and still comes, we know not from whence.-} 
It would appear to be continually arrested to combine here, and as 
frequently incited to go there, we know not how. In fact, generally 
it is impossible for us to trace the where it is tending to, or of whatf 
its innate qualities are capable of accomplishing, as it escapes out of' 
one body and enters into or passes through that of another, or unites 
with this or that series, to form new associations. "When we compare 
the phases of the molecules making up the masses of inorganic 
ponderable matter, with similar material atoms vitalised— as when 
combined with some living existence — how diflerent are their bearings 
as regards constancy or stabihty of character, and especially must the 
variation exist or appear when we liken the corporeal particles of 
bodies with those spiritous material principles designated heat, electri- 
city, magnetism, &c., given portions of which latter elements- 
far as our present knowledge to display to the contrary extenda— *^ 
always remain the same as to general properties, but varying in!' 
iotanaity as regards their ability of motive action. 

38. The above imponderable principles just named have no doubt' 
certain distinct undulatory/yf/ns and qualities according to the bodies 
they pervade or are associated with, like musical notes, all of which 
latter have difierent eUipsuid otUUnti aiul effettive characUrt, propor- 
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tioned to the niunber of the pulaationa required to conetitiite each 
given melodious tone. (See article on " Sound.") 

It might be admitted, with advantage perhaps to our subject, that 
these nndulatory measured notes are composed or made up of a 
subtile imponderable material essence, which nffects us under the form 
of what 19 oommonly termed sound. This proposition being granted, 
we shall — with the reader's permiaaion — look upon aound, as having 
a permanent being, resembling in tenuous character the spiritoua 
matters of heat and electricity, and that it ia difTused throughout our 
atmosphere, and moat probably throughout all material existencee. 
It will be found that sownrf, like ponderable matter, has a reactive 
quality and can rebound or be reflected back in a similiar manner to 
the thrown bail after striking against an object, as recognised in the 
echo. Light also, under certain circumataoces, asaumes the character 
of materiality, as shown by its capability of being reflected like sound ; 
and farther, it can be attracted, as shown by Faraday, who drew raya 
of light from their usual straight tendency, by means of electro- 
magnetism, which fluid was observed— when very intense — to cause 
luminous beams to be deflected, as if they were loosely pendent iron 
wires. Further, raya of light, lite certain ponderable bodies, can be 
split or divided into distinct polarised beams, as when passing through 
particular crystals, &c. Professor Crookes has lately demonstrated 
that through the agency of light, he can induce motion in certain 
ponderable deUcate substances, as suspended pith-balla, &c, 

39. It is found that particular sonorous undulations capable of 
acting on our senses are called forth^as can bo heat and electricity — 
by friction, percussion, &c. But be it observed that the blow and 
rubbing do not ereale sound, they m.erely unveU — so to speak— or set 
in vivid motion a certain opei^ative etkereal-Uke matter, that produces 
the particular results which we term sound. This imponderable 
principle — under favourable circumstances — is also susceptible of 
assuming particular vibratory forms, as when generated or called 
into action by means of musical instruments. That different tones 
produce or can-e out certain ellipsoid curves distinctive of the sound- 
ing note, was demonstrated by Chladni and others, in their eitperi- 
ments upon plates and membranes strewed with sand. Sound, then, 
we opine, must be considered as a diiti-nct effleacious something, since 
it can shake a building, and the earth on which it stands, and can 
also appeal most positively to our feeling and sympathies ; a negative 
nothing could not act upon a comm.on material body, nor on our sense- 
receptive faculties. We cannot, nor shall we ever be able to originate 
any capable quality or effective existence. It has been demonstrated 
that a bell cannot ring in a vacuum ; but in the experiment showing 



tMs result, the matter of Bound mixed up or contained in the air is 
extracted with the latter element, and of course there is nothing left 
to pulsate. No effects can he produced without appropriate media. 

40. On further comparing aoiind with the imponderable material 
elemenfa, we find that as magnetism, heat, and electricity are conrer- 
tlble the one into the other, so sound is capable of undergoing a 
change, enabling it to produce electric results, Ac, It is therefore 
correlative, or baa a reciprocal relation, and is susceptible of inter- 
changement. That sound can produce electrical action, and electricity 
call into evident existence souad — is shown first by the fact that 
there is always a negative and positive stream of sound — undulations, 
passing in contrary directions along the pipes and chords of musical 
instruments when excited into action or played upon. These undula- 
tions may be readily detected by their forming nodes or intersections 
and bulging ellipsoids, which latter will be found to vary in length. 
and width according to the note produced on the sounding Btrings, i 
illustrated by the following diagram. 



That these sound-pulsations assume an electrical character may b 
shown by the divergence of the gold leaves on the approach of thfl 
electrometer to the vibrating strings. A similar residt as to thea 
nodes, &e., may be effected by directing a stream of galvanic e!ectri-J 
city through or along the wire chords of a delicate musical instrument. 
This ktter operation causes the string to vibrate (like the friction cf I 
the wind on the cords of the .^lian harp) and form similar elliptic 
curves and nodal points to the above, followed by the particular note , 
of the chord thus acted upon. The nodes where the streams crosa 
each other are readily detected by applying pieces oi paper on different 
parts of the sounding string. Those placed over the nodes are 
observed to remain stationary, whilst the riders located between the | 
nodes or points — that is in the centres of the ellipsoid spaces— are 
seen to tremble or bo agitated. A blow, and especially friction, wheiL 
applied to stringed instruments or pipes sets up an electrical action] 
that calls sound into operation. 

41. The matter of sound, lite that of electricity, heat, &c., 
form a part or be resident in all things, whether ponderable or im» I 
ponderable, aud not, as generally supposed, be the mere result of 
motion ; nor can it be propagated or hastened by the property of 
elasticity, since, for instance, water — the most incompressible inelastic 
body in nature, transmits sound with four times the velocity and 
tnteoaity of the atmosphere. Again, wood is ibund to be a more 
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efficient conductor than the air, maomueh as tiie scpatt-hiiig of a 
pin effected at one end of a piece of wood or stick of timber, is dis- 
tinctly heard at the opposite extremitj', though it is inaudible through 
the air only two or three feet frotu the operator. 

Further, tbe matter constituting sound must extend into the ether 
or unpaiticled matter situated in the vast regions above the atmo- 
sphere surrounding the earth, since the bursting of meteors located 
many miles higher than our aerial element, giyea rise to aouad-wayea, 
although the source of the sonorific agitations was situated in a 
latitude where there was no ponderable material to produce sonorous 
reaction. The conduction of sound and electricity, &<:., through or 
upon lengthened bodies, may be compared to a chain of peas, extend- 
ing through a long narrow tube, where, hy agitating the first of the 
series, or forcing into the cannla another pea, such action must 
cause vibrationa in or eject the pea at the other extremity of the 
tube, and thus comes about the apparent rapid effects of communi- 
cation from a distance. Sound can ngw be transmitted by electrical 
means through wires to almost any distance. Thus speechea, vocal 
and instrumental music, and even laughter, &c., have been instan- 
taneously conveyed hundreds of miles in America by telephonic 
apparatus. (See Professor Bell, U.S., on the Telephone.) 

42. As regards heat, I am constrained to observe, that up to the 
present period, our knowledge of this element has been very vague 
and imperfect. In fact all that we generally recognise as to ita 
nature and condition, is ita quantity and intensitj'. 

I am here prompted to assert that there must ha many kinds of 
heat, each dissimilar in quality and character, as there are a variety 
of metals and fluids, all of which latter are comprehended under the 
general terms metal and liquid. Heat, in this sense, may also be 
compared with colour, odour, and musical sounds. There are many 
classes of each of these, varying in their effects upon our sensibilities 
and perhaps — though hidden from ua — on each other, and also upon 
their associations. This varjety of quality must, I presume, likewise 
extend to the element of caloric. The belief in the existence of a 
dissimilarity in the heats appertaining to different bodies, su^ests to 
ua, that in coming time we shall be enabled to distinguish, measure, 
and separate different heats from each other, into a kind of scale, 
according to the effects they shall be capable of producing in the 
existences they may play upon or pervade, so as to render them 
recognisable to our senses, like the arrangement of musical notes. 
There was a time when melody was in as great a chaos — as far as our 
distinct appreciative faculties touching musical tones are concerned — 
aa ace at present the different presumed kinds of heat, magnetism, 
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and electricity. All that was knowD at oue period relative to elec- 
tricity was the result ensiling i'rom the fnction of a piece of amber 
upon certain elotha. Experience taught ua that this resinous pro- 
duction would, after being ruhbed, attract light bodies, as shown 2,000 
years ago by Thalea, one of the seven wise men. The celebrated 
traveller Humboldt speaks of aimilar results efi'eeted by the children 
of the South American Indiana, on the bants of the Orinoko, from 
rubbing the seeda of a particular Idud of ruah upon some of tbeir 
textile produeta. The seeds so treated were found to cause light corn- 
husks or filaments of cotton to adhere to theia for a period. Our 
present knowledge of galvanism and magnetiam is from recent experi- 
ence. To the wife of Signor Galvani we owe the discovery of the 
former ; and the latter, though recognised for many thouaands of 
years, yet little was known or effected by it save that in ancient 
India the loadstone was resorted to, for healing certain maladies, and 
used in China as a land-guide by travellers, and more recently 
employed by the sailor to point out — by means of the compass — his 
course over the seas. But, how different at the present period is our 
experience of the potent endowments of the above elements, Wbat 
a large portion of the Temple of Science is now dedicated to their 
productions, and for the display of their applications. So one day 
shall be exposed for the exercise of our senses certain instruments, 
by means of which we ahall ba enabled to display many separate 
divisions and eapubilities belonging to the different kinds of heat, 
sound, colour, and odour. &a., which are now unknown. No doubly 
as circumstances unfold to us the knowledge uf tlie at present hidden 
things, so shall we be enabled to add other imponderables to the list^ 
of those already recognised. Eelative to music, the ignorant aavagO' 
knows nothing of the pleasure- exciting capabilities of the poetry ofj 
sound. His apirit is incapable, liom lack of organic development and*^ 
education, of comprehending tha ravishing intoxication that pen*ades 
the musician, as he liatena, spell-bound, to the melody and harmony 
that thrills through hinn, whilst exposed to the civilised experiences 
of vocal and orchestral performances. The savage is uncouacious of 
anything belonging to the effects of sonorous cadences, beyond certain 
common results, which we might term noises ; for instance — a party 
of Indian Chiefs, whilst staying in New York, one day entered a 
musical instrument-shop, to examine its contents. A gentleman 
present bethought himaeJf that he would like to try which instru- 
ment would most attract the red man's attention. To accomplish 
this object, he first played alow and quick airs upon the pianoforte, 
and afterwards on the organ ; this instrumental performer then 
solicited other musicians present, to execute certain short tunes on 
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the violin, bass, flute, <fcc. All these musical apparatus failed to arrest 
the attention of the Indians. But upon the gentleman who proposed 
the experimental test relative to the feelings of these aborigines, 
taking up and striking the triangle, the sound produced acted like 
a charm on these wild freemen of the woods, as shown by their all 
crowding round the performer, who was striking this jingling reso- 
nant piece of iron. This fact will, I think, illustrate the foregoing 
proposition. It was educated genius that invented musical instru- 
ments, which, after the employment of the human voice, enabled us 
to distinguish, teach, and appreciate melodious tones, with their 
differences and effects upon what the Germans designate the nerf 
or terminal loops of the phrenological organs of Time and Tune be- 
longing to the brain. 

43. It would appear, that after all our researches and discoveries 
touching caloric, that up to the present time, as before noticed, we 
can (polarisation, refraction, and magnetism excepted) only measure 
or distinguish one other positive quality of heat, namely its intensity, 
and this is effected through our feelings, and may also be marked or 
measured by means of the different kinds of thermometers now in 
use. I would remark that there is one fact, through which it may 
be suggested to us as a mode of personally distinguishing a difference 
in the quality of certain calidities or warmths. 

Thus, if on rising from a chair after it has been heated by your 
own body you again sit in it, you will not detect or distinguish any 
difference in the temperature. On the contrary, if you place yourself 
on the seat recently vacated by another person, you will instantly 
become conscious of the prior occupier's animal heat, which may be 
congenial or otherwise. The above circumstance becomes especially 
evident to the more sensitive, after a chair has been sat in by certain 
persons, showing that the warmth and animal magnetism of distinct 
individuals are very dissimilar,* as likewise would be the sensation 
conveyed by the touch of their hands. In fact one person's animal 
heat — like their form or visage — ^may be agreeable, whilst another's 
temperature and temperament may create an opposite feeling, even 
extending to intense repugnance, similar to the effects experienced 
from particular odours and colours, which latter — as developed by 
the spectrum and certain photographic experiments — are no doubt 
made up of imponderable spiritous matters, like caloric and electricity. 
These sympathies and antipathies, belong also to animals, especially 



* The heat in scarlet ferer makes the fingers tingle after touching the patient, 
yet there is little difference by the thermometer between this heat and that of 
i| healthy person. 
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marked out at times by the conduct of the domeatic dog towarda 
certain visitors. I Lave seen at difierent periods of my life — as have 
many other individuals accuatomed to walk the wooda and fields — - 
even the wild birds and other creatures follow or approach at the 
Bolicitafcioa of one man, as if by fascination, but keep at a long dis- 
tance from another. 

44. Further, relative to Bympathies. It has often been noticed 
telegraphy, that some of the correapondenta can tell— especially the 
gentler aes— whose hand is conveying the measage, and they cai^ 
even frequently read by means of their feelings — without looking at 
the index-dial — some of the very words and sentences the messengeB' 
is sending ; others have been known to return answers to question^ 
whilst sleeping at their post. These natural inherent abilities havs 
been termed paychometrical, with which capacity some people atft^ 
highly endowed, and others are apparently negative as to the exercia© ■ 
of this faculty or attribute. 

45. It will be a most efficacious event and a wonderful accessory to 
science, when we shall have discovered the mode by which to display 
and use the numerous varieties of heat, electricity, and magnetism, 
which must exist in, or appertjun to, the difl'erent minerals, vegetables, 
and animals everywhere surrounding us. I might here notice, rela- 
tive to magnetism, that there was some years ago an instrument 
invented by a Mr. Butter, of Brighton, which he called the magneto- 
scope. This apparatus, by its movements, measured and displayed 
the magnetic qualities, &e,, &c., of all bodies, when placed in the dis- 
engaged band of the manipulator of the machine, who could correctlj 
name every object and its varieties without seeing them, if depositej 
in his palm. The distinct property appertaining to substances 
especially developed through the agency of the hand belonging to 
certain persons. But as this apparatus could not be a) 
science or the arts, at the present time, it was rejected (as were at 
one period the Hghtning-<onductors, with many other discoveries), 
and being only regarded as a very ingenious toy, it has long since 
ceased to be exhibited. 

46. From the continued crowding forth of new revealments, we 
feel conscious that the discovery must one day arrive, whereby we 
shall bo able to recognise, arrange, and employ — as before suggested — 
the dissimilar heats, electricities, and magnetisms existing in Nature,, 
as we do at present different odours, sounds, and colours, which loati 
by the bye, exist and can be detected independently of light, and ars- 
as tangible in the dark as any other existence, to those who have the 
phrenological organs large and active enough, and are endowed with 
sufficient and acute sensibility to appreciate them. This may bf : 
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readily witnessed in the BomnambTile and dairvoyant iulgeets. The 
latter can also detect sounds and coloura when many miles distant 
from them. 

Again : Thousands of blind persons have lived, and others still 
exist, who* can by a natural capacity, feel and distinguish even the 
different shades in being among coloura. Out of a number of examples 
&s to this ability I select the following : — 

Dr. Black, of Glasgow, relates of a Mr. Thompson (who lost his 
eyesight from small-pox at twenty months old) that he could impart 
all kinds of colours to every sort of cJotb, and even the very shades of 
hues. He practised as a dyer for fifty-five years. The dryaalter 
who suppbed him with dye-stuffs was accustomed to state, that no 
laan was a better judge of their qualities than Mr. Thompson. " I 
inquired," says Dr. Black, " how he was able to give bghter and 
darker shades to bis goods ; and how he was enabled to distinguish 
things that were clouded &om those that were uniformly coloared." 
" That is more than I can tell," said Mr. T. I would here remark 
that had Dr. Black studied phrenology like his countrymen, Dr. 
Engledew, Dr. Elliotaon, and others, be could at once have discovered 
the reason of Mr. Thompson's proficiency : namely, that he possessed 
large phrenological organs of Colour and other perceptive sensibibties. 

In the Blind Asylum at Liverpool and other places, the sightless 
residents manufacture carpets, &e. Many of these inmates know 
well how to distinguish the different tints, without any assistance, so 
as never to commit an error as do colour-blind persons, who for other 
purposes can make good use of their eyes. Again : Among the basket 
makers of the Blind Asylum at Bristol, who construct ornamental 
baskets of different tinted materials, are found many individuals who 
can readily and correctly distinguish one shade from another. 

47. As a contrast to the foregoing cases, 1 would draw attention to 
those persona who are minus the sense of detecting coloura. These 
latter individuals are perfectly incapable of comprehending what ia 
meant, when different tints are spoken of or pointed out to them. 
Some persona have this defect only in a degree, that is, they cait 
often perceive one pigment or shade, but are incapable of dis- 
tinguishing another. Many individuals can match or associate 
different colours correctly, whilst others have no perceptive feeling of 
this kind, on the contrary they are perfectly ignorant or unable to 
combine difierent hues, so as to make them harmonise. For instance ; 
there bved a taUor at one time in Exeter, who was known to be very 
capable of meaauring hia customers and cutting out their clothes, but 
be could not, if he lost his mark, be left to select again the coloured 
pattern fixed upon by hia employer. He was one day found mending 
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a black Coat with a piece of briUiant scarlet cloth. This want of 
capacity in some indiyiduala to recognise the ciifferent hues which 
things present to persons in general, often runs in faniiliea. Thus, 
the celebrated Dr. Daltoo and his brother, aa well as some of their 
relationa, were colour-bliTid. On examining the eyes of these chro- 
maticflily defective persona, the oculist, anatomist, and experimental 
philosopher can diatinguish or discern no difference aa to the quality 
and configuration in their visual organa, from thoae belonging to 
individnals who can readily detect all hnea and shades. How different 
would have been the esamiimtion and conclusion of the phrenologist 
or clmrvoyant. They would have experienced no difficulty, but at 
once have discovered that-the colour-blind persons were deficient in 
the piece of brain devoted by Nature to the aenae or receptivity of the 
epiritouH rays appertaining to colours, which undulat* from bodies at 
all times, whether in the dark or exposed to iight. The appreciative 
quaUty of the existence of different pigmenta by the blind and clair- 
voyant, denote moat positively that the eye is not always necessary 
to detect the various tints of objects. , 

48. The foregoing facts reveal to us that light, however vivid, u ■ 
incapable of rendering the varied hues of surrounding objects evident I 
to colour-bhnd individuals, and also point out that the spiritons 
chromatic material undulations thrown off from tinted matter find 
their way into the seasorium after a different mode to that commonly 
Buppoaed. In thct the coloured rays act upon a certain portion of the 
brain after the manner of musical notes, by means of what the Ger- 
mans — aa before noticed — call nerf-loops, which are particular nervous 
fibres or filaments that become reflected on themselves, and appertain 
to each organ of the senaorium. It is along these nervous threada, _ 
apportioned or devoted to colour, that the tinted spiritoua ptdsationt I 
emanating from bodies are conveyed to the mind. Be it further 
recogniaed that these coloiu- vibrations may be likened to the undu- 
lations of sound thrown into /arm, whilst passing along the stringa 
and hollows of musical instruments when played upon, and like them 
they ghde through or upon the nervous fibrillw malting np the organs 
which appreciate them. This appreciation is accomplished by the 
trembling of the fibres — aa seen by clairvoyants — in sympathy with 
the colour vibrations, similar to the agitations of these filaments be- 
longing to the phrenological organs of Melody and Time, when actecL ■ 
upon by pulsatory musical notes. These latter librations, thrown offS 
by a sounding inatrument, may be recognised by their affecting alt ] 
adjacent musical apparatus, causing them to give off, or rather reflect 
and echo back, like notes, by the process ofreaetion, in answer to the 
impulsive impressions applied to them. This is caused by the uih> 
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diilatory tones from the instrument first incited into action by the 
effort of the experimenter, to call forth this result. 

49. It is only through the conducting fibrillie of whicb brain- 
matter is made up, that we can became conscious of the existence of 
the things which eneorapass us, with their capacities and endowments. 
In other words, for persons defective in these ner\'e-th reads (which if 
properly developed serve the purpose of conveying the qualities of 
their surroundings to tlie different organs of the brain, and through 
these latter to the mind) certain objects, or rather their qualities, have 
no existence in the world for them, whether it be a human passion, a 
substantive thing, or its simple endowments. It must be conceded, 
then, that the appreciation of every entity, whether organic or in- 
organic, with the elements which cause them to act and react on eacli 
other, must depend upon ouc being provided with a certain series of 
senses, the extent of which cannot be enumerated, 

Our forefathers limited them to five, but five thousand perceptive 
feelings would not embrace all the distinct and particular points or 
channel* through which the brain and soul receive intolJigence of the 
presence, properties, and principles of the bodies surrounding them, 
to all of which they may be said to form a centre. 

50. To recapitulate : It is only, then, through the qualities of bodies 
that we become conscious of their being. If in any way we are ren- 
dered incapable of appreciating the endowments of matter — which the 
perfect brain, when educated, so readily detects and sympathises with 
— of course the things from which the said qualities emanate have no 
entity, being, or existence for us. This fact has been exemplified in 
the before-mentioned colour-blindness, and may also be recognised 
when suflering from recent catarrli, or cold in the head, aa it is 
commonly termed. Thus, if the nervous fibrillat belonging to the 
organ which appreciates odours or effluvia be disturbed, deadened, or 
dcatroyed, then, though we may be exposed to the most piigent 
fumes or offensive exhalations, we do not — ^in fact we cannot — detect 
them; further, we fail oven to aunoiuice the kind of beverugc put into 
tlie mouth, when the nose is firmly compressed. Again : No person 
can appreciate that poetry of sound termed musical notes, by or 
through the ear, however acute or delicate his auditory abilities 
may be. If an individual is without those brain developments 
termed by phrenologists Melody and Time, harmony cannot exist for 
liim. I have known certain individuals who could never distinguish 
one tune or its time from another. The grave and lively nir, slow 
or quick movement, were the same to them. The persons in question 
were conscious, as they expressed it, of & variety of sounds— or to 
them, noises — but they had uo conception, ur ruther feeUny of «liat 
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was meant by nmsiL-al iiit-onations, I well remember the Eev. Dr. 
-Dai'is, of Itockhampton, Gloucestershire, who, wheo challenged to 
name a certain air, when one day listening to a merry country dance 
executed by Dr. Jenner's daughter, he exclaimed emphatically, " Ah, 
now I do kiion- that tune ; you are playing ' God save the King. 

51. In again referring to the organ of sight, I would observe that 
the eyes are onlif employed or made we of hj im who have our vision 
in the presence of light, and for this reason : — Luminous rays 
enhance or increase immensely the inteneitij of the undulatory pro- 
perties of bodies, as shown by its greatly augmenting the vibratory 
attractive qualities of the loadstone. It is through tbia redoubled 
action of the imdulatorv quahties of matter, iinder the influence of 
the element of light, that we, in our common or general state, are 
juade sensible of the existence of things. Another reason why we cannot 
in our normal condition perceive substances in the dark, is from liiAit, 
That is to say, unless the radiations, or undulations of the character- 
istic qualities of bodies are of a certain or sufficient vividness, we 
from custom or general education, as to these pulsatory emanations 
from our surroundings, do not feel or notice the objects which encom- 
pass us, when all the luminous rays playing upon them are intercepted. 
It is, I repeat, these luminous rays which give to the molecular 
undulations of bodies the requisite intensity necessary to enable ua 
to perceive the objects by means of our general receptive sensibilities, 
and not, as supposed, by means of the eyes. — (See " Colour Blindness," 
sec. Ur.) 

In a<lditioii : The failure to perceive in the dark — ^through our 
feeiings — the continuous undulatory properties of objecta, is owing 
to the extreme delicacy or faint impressions these qualities make upon 
us when they are not stimuJated by light. Persons who have long 
been blind, become more sensitive to external impressions, and from 
education or acquired habit, which has been called second nature, 
they do not need so much the intensity of the pulsatory emanations 
from bodies, to arouse into action their appreciative feelings eo as to 
enable them to recognise the existence of things. I have read of 
many blind persons, and seen some, who could — especially ot certain 
periods— feel and distinguiab, like somnambules or clairvoyants, the 
properties of objects, as well or better in the dark, than many 
persons with their perfect sight can or do in the presence of light. 

Aa regards the opinions of ancients relative to the undulatory 
theory, 1 quote the following r — 

•' Epicurus (born 34a b.c.) supposed that bodies are continually 
sending oif from their surfaces slender filras or spectra of such 
Bubtilty, that they easily penetrate through the senses to the brain ; 
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but before Epicurus, Plato (born 430 b.c ) conceived that we saw 
the shadows of things and not the objects themselves and his 
pupil Aeistotle (born 384 b.c.) taught that as the senses 
cannot receive material objects themselves, they take in their 
images. Democeates (born 460 b.c.) insisted that perception 
was the result of the impressions made on the organs of sense by 
images, which constantly emanated from bodies, and varied accord- 
ing to the formation of their originals. Luceetius (born 95 B.C.) 
suggested the theory that the superficial surfaces of all bodies were 
continually flpng ofi*. Dr. Briggs (Newton's instructor in anatomy) 
maintained that the nerves operate by vibrations, like musical chords, 
and thus conduct impressions to the brain. It is by means of mole- 
cular undulations that bodies engrave or picture themselves on the 
difterent surfaces employed to produce their representations in the 
process of Daguerreotyping. These latter results can be produced 
in the dark or shut up in a box, only that it requires a longer period 
to effect the object."* 

52. In addition, I would ask what is ponderable or gravitating 
matter ? "What are its offices in the economy of Nature? Considered 
abstractedly, its character is a very negative one, and as far as our 
present knowledge extends, it must be looked upon merely as the 
instrumental servant, or rather as an agent, performing the pait of 
a lever. It is by means of this said leverage, that the spiritous and 
spiritual essences appertaining to the universe work out all the 
circumstances and events which occur throughout the world's natural 
system of motion, or in the exercise of the mechanical arts. Moreover, 
without the intervention of the spiritous imponderable elements, sub- 
stantive gravitating matter could never have appealed to any one of 
our senses. 

63. The ordinary world is led to think n^ore of crude quantity, 
iha,n effective quality, never dreaming that inanimate or lifeless matter 
is perfectly negative, as far as action and reaction are concerned, in 
the varied results worked out in its appliances as regards the arts. 
The numberless changes continually ensuing in the routine of Nature, 
us she develops the vast products which surround us, owe their origin 
to agents unrecognised or not noticed by the common or general 
observer. Most persons are totally unconscious that it is the ever 
motive imponderable and imperishable spiritous essences or principles 
pervading Nature under the form of electricity, magnetism, heat, &c., 
that exercise their dynamic qualitative energies or abilities upon gravi- 
tating material bodies, and which effect all tlie work and results we wit- 



* See the Author's work on " WiU-Ability," p. 12, note. 
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iieaa taliiug jilace ftromitLus. Tbc growth of vegetation ensues through, 
the ruling action of the foregoing agents of inobilitj-, which, with the 
iiddition of efleutive motory exciting hght, give rise, in land plants, 
to the first stage or state of vitality. In the animal economy, accom- 
panying the above imponderable elements, will be found added the 
primary form of spii-it-mattei; commonly termed the vital motive 
principle of liring creatures. But appertaining to the human being, 
in addition to tJieae able motor elements, and vital impulsive energies, 
is superposed a supreme spinitutl and progressive reasoning etsenee 
designated the human bottl by means of which the will-ability and 
the pre-eminent thinking faculties of man are exercised. 

54. I am here induced to propose or assume that the foregoing 
motive agents have appertaining to them distinct material bearingsj 
since through their operations alone aU the changes occurring among 
the things around us are effected. Besides the human mind refuses 
to entertain tbe idea of a nothinfftiess, being capable of working out 
natural and mechanical results. In accordance with the foregoing I 
shall venture — by way of understanding more positively or substan- 
tively the qualitative character of the above-named subtle existences- 
to look, on them as Ivature's cause, producing corporeal effects, or 
a series of spirito-materuil principles, and jn alluding to them 
this sense, they might, I think, be designated as follows : — Ist, electro- 
fluid matter ; 2nd, polar magnetic matter ; 3rd, luminous matter; 4tii, 
calori/ic matter, sonorous matter, &c. 

In like manner I would include the vital principles of the 
aud animal Idngdoms under the generic term of Life-matter -, th« 
climax to the foregoing would of course be the all -comprehending or 
reasoning spiritual body — Soul-jiattbr, Relative to the materially 
of Jight, this property was apparently proved— as before noticed — bj 
Faraday — who, by means of electro-magnetism, deflected luminous 
rays, as a loadstone would have attracted a piece of steel or a bundle 
of iron wires. Again : As to the materiality of the electric 
Mr. Lake, of the Laboratory, Portsmouth, proved that electric matter 
is really a fluid, and when collected, so as not to exert its ability of 
attraction and repulsion, it obeys the law of gravitation like gosea, 
The developed electric fluid was received into a Leyden-jar inaulateAJ 
ou a glass plate. On the side of the jar near the bottom waa a ati 
shaped crack, from around whicli the metallic coating waa removed.' 
On charging the phial, it was obsen'ed that tbe electric fluid Boagt< 
began to flow out in a stream from this opening, and ou coo- 
linuing the working of the mac-bine, it flowed over the lip of the jar 
dijscendiug in a faintly luminous conical stream — visible only in the 
dark — mitil it reached the level of the outside coating, o^er which it 
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became gradually diffused, forming as it were a frill or collar. When 
the jar was inclined a little on one side, there was a perceptible 
difference in the time of its escape over the higher and lower part of 
the lip, from the latter of which it began to flow first. On discon- 
tinuing the working of the machine, the liquid first ceased to flow at 
the lip of the jar, and then at the lower aperture. On renewing the 
the operation, it first re-appeared at the lower opening, and afterwards 
at the mouth. In addition : The ability of carrying — ^by means of 
a sphere or ball — distinct portions of electricity derived from the 
surface of an electrophorus, and the being capable of delivering these 
said segments to a third body, proves that the electric fluid is a 
material something^ for it must be conceded by every one, that it would 
be impossible to divide a nothing into parts. 

55. But to resume. Crude and lifeless matter, likewise the fabri- 
cated mechanical frames of things, also the stems of plants, the bases 
of zoophytes, and lastly the bones of locomotive animals, merely serve 
as so many supports or fulcra* by means of which the varied and all- 
effective imponderable elements display their abilities or energies, 
making use of these different supports to work out many of the 
numerous effects of which our senses take cognizance. 

Moreover, it is the life-principle • appertaining to animals, that 
enables them to accomplish locomotion, by inciting their muscular 
system to employ — as so many levers — the different parts of the 
bony skeleton belonging to one set of animals, and the supporting 
structure — as with the Crustacea — possessed by others. It is the 
heat and electricity eliminated during the union of the carbon of 
the coal and the oxygen of the air, in the fire underneath the boiler, 
that produces the steam, in which is contained the dynamic heat and 
electricity that sets the levers of the engine in motion, which 
in turn act on certain parts of the machinery, as in the drawing or 
driving along the railroad car, &c., &c. That this steam contains vast 
quantities of electricity — independent of friction, which cannot create 
this fluid — is shown by our being capable of charging twenty large 
Leyden phials in a few seconds, whilst the steam is escaping from the 
boiler, through certain small tubes made of partridge-wood, connected 
with the conductor of a hydro-electric machine, like the one at the 
Polytechnic Institution. This presence of electricity in steam, was 
first discovered by an engine-man at Sedgehill, near Newcastle, who, 
when passing his hand through the vapour escaping by a fissure in 
the boiler of a locomotive, received an intense electric spark, which he 
spoke of as being like flashes of fire. When the balls discharged 

* Fulcrum — the point around which a leyer move?. 
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from Parkin's stenm-gnn struck tLe target in tbe dark, there 
alwfiya a discharge of a flash of electrical light after the percuaaion of 
each miflaile. 

It should lie reiiifimbered that water is a comhination of the pro- 
toxide of hydrogen, heat, and electricity. By abstracting portions of 
tlie two latter principles, ice is formed ; by adding very large quantities 
of tLeaB laat-named elements to ■water, we produce steam, with ita all- 
efi'ective energies or dynamic abilitiea. 

5(i, In addition to the foregoiog I might also notice that the motivs 
ability of some animals likewise enauea through the action resulting 
from the foitnation — or according to the Schools, burning^ — of carbon 
in the mucons membranea and e.stema! sltin, which two tisanes are 
in opposite electrical states. Thia process of natural combustion, in 
one way eliminates or rouses into effective operation, the vital electro- 
magnetism pervading moat organised bodies. This living electro- 
magnetic fluid— as regarda the higher order of animals — acts upon or 
stimidates the musdea, cauaing them, assisted by the nervous principle, 
to employ (directed in man by the soul's will-ability) aa before noticed, 
the movable bones, like ao many helping im.plements or apparatus, and 
thus cornea about the capability of muscular exertion. It ia man's 
spirit, or his soul-element, which enables him to lift a weiglit from the 
eai-th, through the means of the Land and arm, and also renders him 
capable of displacing a given moas, through the agency of his limbs 
with the help of the crow-bar. It is not the members of the body or 
the instrumental levers that achieve the feat. They are merely agenta 
by and through which the inner selfhood eft'ected its purpose. 

57. The hands of a clock cannot be impelled to move by self-iKling 
machinery ; they are cauaed or incited to continue their progress round 
the dial through the agency of electro-magnetism, as by that from 
the earth, commonly called the attraction of gravitation; thia energetic 
principle acta on the weights, and these latter — through their attached 
chains or cords — operate on the works. Kote also that the pendulum 
and balance-wheel of time-measures are induced (through the append- 
ages attached to the clock-atricgs, and the reaction of the sprine 
connected with the apparatus of the watch) to vibrate synchronously 
with that great timo-keeper — the globe we inhabit; for if we interfertf' 
with the earth's action by an artificial magnet, we can stop the balance- 
wheel of tbe watch, by paralysing or interfering with the reaction ol 
the spring, which experiment by the bye often ruins the chronometer 
and prevents its being again influenced by the earth. In continuation j 
we can also bring the pendulum of the clock to a state of rest, by 
attracting upwards ita weights, when made of iron, with a sufficiently 
largo loadstone or magneto-electric battery. It may be likewia; 
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noticed, tliat wo can cau§e the aaid pendulum to resume and continue 
its vibrations without the weights — njitr ijivimj it an impetus — by cou- 
nectiug tbo worka of the time-keeper \rith the earth, through means 
of two wires, the one joined to the positive plate of ainc, and the 
other to the negative sheet of copper, both plates being separately 
inaerted into fresh-mode ground. 

I would remind our readers, that it was through the agency of 
Bpiritnal-materiality — the human soul — ^that the watch and clock were 
first incited into effective motion, for without this peot^up, so to speak, 
quality or ability expended by what has been commonly termed the 
ineorpopeal part of man, in winding-up these chronometrical instru- 
ments, they would have been for ever atUI, and incapable of pointing 
out the lapse of time. 

59, Note also that the electricity pervading the storm-cloud ia not 
n body capable of giving the slighteat sensation of weight ; yet in its 
efiective capability, this imponderable element, wheu acting upon 
what is commonly termed material objects, and meeting with resiatanet 
to its course through non-conductors, we find it equal to the splitting 
of the sturdy oak, crumbling the massive building, and rending the 
firm solid earth, when brought into dynamic action by disturbing 
agents, as where the different forms of the electric fluids act and 
re-act on each other, negatively and positively, and thus become thrown 
into opposite states of efiective abilities. 

59. To further illustrate the great operative capacity of another 
of these spiri to -material essences, I would point to the mighty influ- 
ence, which the magnetic fluid-element exerts over the planet wa 
inhabit. It has been recognised that the earth, from its intense 
innate propensity, to be in motion,* turns upon its asis, and would, 

'i known, also progress onwards for ever, in a straight line, but 
for the action of certain attractive magnetic gyratory rays which 
extend between it and our solar luminary. These attractive streams 
serve like so many check-chains to guide our planet through its 
destined course round the sun, as the boy holds the swinging ball 
encircling hia person by a string attached to it ; so that the earth's 
Tflhement dispoaition to contiune onwards in a direct line is overcome 
and exactly balanced by the attractive magnetic cord-like waves apper- 
taining to our light-excitiug orb of day. These magnetic gyratory 
threads maintain the largest and most distant systems true to their 
orbital course. 

The quantttij of these undidatory magnetic cords extending be- 
tween or given off from bodies ia the same, according to the 
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magnitude and qunlity of the masses of the matter whence they 
emanate, whether these aiibstjmcea lie dose together or are miUiona 
of miles apart; but not 8o the mfnjsiiy of the pulsatory emanations ; 
their energy increases in the ratio of the approximation of one object 
towards another. 

60. As regards AClraciion aiul Sepuhion. — It might he desirable, 
perhaps, to illustrate for the advantage of the geaeval reader, one of 
the probable reasous why the two north and the two south ends of 
elongated magnets repe! or fly off from each other when they are 
approximated ; also why the north and sovtth poles of two distinct 
oblong loadstones approach or ara attracted together, when sufficiently 
near to be effectually — from increased int-ensity — ^nnder the influence 
of eaeli other, or within striking distance, as it has been sometimes 
termed. 

It is a well-known fact that certain persona, in their normal con- 
dition, are capable of distinguishing in a dark and sometimes in a 
lighted room, definite, luminous undulations, bursting out from the 
two extremities of the common bar-magnet. It has also been affirmed 
by the parties in question that these^as it were — phosphoreaceut 
magnetic rays or undulations turn spirally on themselves, like revolv- 
ing corkscrews. This quality beiongiiig to these polar waves explaing 
why the north and south ends of elongated magnets fly towards eacb 
other when approximated. The magnetic undulatory beams, escaping 
from the dissimilar polar extremities of a bar-magnet, revolve con- 
trary ways, viz., one set turning to the right, the other series to the 
left. Thus, when these spirally rotating rays meet, they wind round 
or within each other, and of course the diverse ends of the magnets 
become approximated. Tlie opposite action to this ensues, when two 
negative or two positive poles approach each other. These different 
or opposite results of approach or recession ensue after the mauner 
of 8 screw-pin playing in its properly fitting niit or matrix, which, 
accordingly as they are turned to the right or to the left, retreat 
from or approximate each other. 

61. Touching the cupaeily denowinaUil Force and Power. — The 
qualities or abilities commonly designated Power and Force by the 
Schools are mere words, and, as at present employed, do not teach 
or explain any one thing, nor do they point out, iu the 8lig1it«Bt 
degree, determinate causes. I shall therefore be led to recognise tbs 
results effected in Nature and through art ^usually so vaguely 
accounted for — as springing from the actiou and re-action of certain 
spiritous matters, as heat, electricity, magnetism, Ac., &c. I shall also 
consider that the so-called vital Joira proceed from the operation of 
the primary spirito-vital principle found in the vegetable and lower 
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animal liiDgdoins, wlikli effective element finally culminates iii tUe 
soul of man and eaiiaes him — in addition to employing the vegetable 
vitality and the abilities of the common auiiual — to exercise mind- 
eiiergy and its pre-Bminent will-capaeity.— (See article " Cause and 
Effect.") 

62. I am here led to suggest that, as the apiritoua matters, heat, 
electrioity, and magnetism, &e., are supposed to be reciprocal — that 
is, interchangeable the one into the other, as presumed in our philo- 
Bophical investigations — ao, by analogy, it may be conjectured that 
particular kinds of ponderable matter, under certain forms and con- 
ditions, are also transposable. The ancient alchemists taught in their 
schools, that the transmutation (change into another substance) of 
the metaia was an established fact. 

It is moat probable, that if we could hft higher the veil which 
hides the economy and processes worked out by Nature's laws and 
capabilities, it would be revealed to "us that trans] nutation is possible 
in her laboratory, of all bodies, by a process, at present bidden from 
na, of dematerialisation and recompositiou of simple a.* well as com- 
pound things, out of unparticled or undeveloped — that is, the ultimate 
— elements of materiality : and by certiuu unfolding cu'cumstances 
lam urged to affirm that it is actually a fact that is constantly taking 
place among vital exiatenees, and also ia particular localities, under 
definite phases of operation. 

From the foregoing we may perhaps assume that the spiritous 
matters, lieat, electricity, &c., are capable, under certain conditions, 
of being changed, or progressing onwards, into the incipient life- 
principle of the plant ; and, again, this high endowment of the 
vegetable world may be transposable or promotablo into the vita! 
capaicities of animals ; and we may further venture to aver that both 
these latter energies are susceptible of growing into or forming the 
terminal result of IS'ature's cidminating efforts, the formation of 
the spiritual, reasoning, human soul. 

It muflt not be forgotten that every process appertaining to the 
unfolding of the productions of the universe is pi-ogressive. This 
being the case, all material evolutions and those essences which have 
once been vitalised and spiritualiaed can never revert or change into 
any existence inferior in being, either as to property or capability. 

C3. Each distinct natural production and every entity we can 
conceive belonging to living nature, commenced from a quiclceninff 
pwnt of energy. Thus it was a minute magnetic spiritous inteleuB 
of inciting vigour, which drew around it certain material molecules 
that commenced, and ultimately developed the crystal and some other 
nuoeral productiooB. 



Fitrther. It was a distinefc particular elect rie-vitalLitiiff point of 
attractive action that gave rise to the blftstematous-germ or bladder- 
apeck, which produced the pluraida {the 8tem-ru(liment in the embryo) 
that originated the living plant. Again : It waa a species oivivify- 
ing essence-focui that brought together the compounds giving rise to 
the sperm and germ-cell from which was evolved the life-principle, 
endowing animals with their many capable propensities. Finally, 
the culminating attractive centre of all existences is the direct spiritval 
pivot that draws or brings around it, out of Nature's most refined' 
elements, the sublimated principles which constitute the human soulM 

These diflerent capable spiritous, vital, and spiritual adductivecentre#B 
or points d'appiu, then, invite or attract towards themselves certaiip 
subtle undeveloped or ultimate material elements, we at present wol 
not of, which create or call into being the crystal and the rock, th»fl 
plant and its flower, the tree of the forest and the shrub of the valleyiT 
and, likewise, every species of the animal world and its climax — thflfl 
profound reasoning man. 

Every distinct living thing, whether animal or vegetable, originalljn 
commenced its being from aa egg or its representative — the c 
vesicle. The far-seeing and deep-thinking Brahmin answered corJ 
reetly, when replying to the query, " Was it the bird or the e _ 
first made its appearance ?" stated that it was a quickening point of 
spiritons or spiritual energy that gave rise to the ovoid form out of 
which first emanated all vita! existences, and these, once formed, 
eternally progress onwards, for as the bird can never return back ■ 
into the egg, nor the oak into the acorn, so no vitalised oigect can. 1 
repeat itself. 

I would here call the attention of the reader to the fact that the 
compound coustitnents of which the vegetable kingdom is composed 
do nob in any way exist ready formed or prepared for adaptation, as 
is generally supposed, neither in the air, the earth, or its waters, but 
they are developed from certain subtle unparticled or unatomised 
elements at present unknown to na, or at least not demonstrable to 
our senses which are attracted towards the adductivo centre of growth 
situated in the plant or tree, and these alone tend to their unfolding 
economy. 

Further. The development and augmentation of the animal takes 
place, especially in the lower order of living creatures, as the zoophytes, j 
more from the ethereal or tenuous amorphous elements they at:traoi?'l 
into themselves through their surfaeea than from what they eat and J 
drink, as before suggested and demonstrated. 

64. But to roaume. Figuratively speaking, says Hudson Tuttle^^ 
massed molecular ponderable matter is for ever living and for ere 



dying. It lives or exiata ia form, as long as attraction prevails over 
repulsion. It commenceB to alter or die, relatively, from the mo- 
nifnt that repulsion prevails over attraction, and death with the 
vitalised mould or shape " is the closing up of the account, the end 
of the great struggle." The negative or amorphous imponderable 
atoms thiia Jet loose are then gathered up, perhaps by freab elements 
of (jualitativB ability, and re-created — so to speak — into some other 
existence. 

65. Matter, though ever changing, will have its Jiiial purposed 
form oonaerved in the hereafter or the spiritual world. No effiJct 
or result can ever perish. All that has ever been thought, sigbed, 

said, done or produced, will be indelibly engraved or pictured upon 
the ntomised and spiritous surroundings of every past occurrence, 
and these shadows or impressions can be and have been read and 
pointed out through psychometry by the spirit of the clairvoyant here, 
and will be aceompUshed most pre-eminently in a future state after 
the soul has been liberated from its earthly tenement. 

6G. Such are the bearings of matter ; auch is the history of the 
constituents of this planet. The dissolution of every series of the 
generation of material things has asaisted, I reiterate, to form, or give 
birth to a spiritual world. Nothing that has ever had life perishes, 
their images can and will be recalled in that other Btat« of being to 
which we are all tending and every association remembered by those 
who have the purpose so to do. "What to us appears an imaginary 
shadow here Will be, in a future existence, a vivid reality. 

Every thought of ancient times, the most remote inspirations and 
prophecies, have left their indelible impressions upon the mind of 
ages. No idea ever vibrated through the inner selfhood of man that 
ia not recorded in some strata of spiiitual thought, to meet him face 
to fiice on awakening from the sleep of death into the world of spirits. 

67- Many theologians think of matter as something tangible and 
spirit as an existence perfectly intangible. The fact ia, that which has 
been called mutter can only be revealed to our senses by the resist- 
ance we experience through the action of spiritous and spiritual 
materiality. But it may be in truth announced that the eye never 
saw, neither did the band ever touch, nor the tongue taste, that which 
is commonly called gravitating mattei'. It ia the emanating qualities 
bursting out of the so-called tangible and visible arrangements of the 
nltimate elemetita of matter into form that affect our senses, and ?io(, 
as supposed, the material substances themselves. 

08. It is by the attraction of Nature's imponderable spirito- 
tnagnetic fluids pervading the earth, that different substances are 
capable of giving us the idea of weight and opjpotition to our efforts 
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when diBplaeing them from thp localities they may at acy timo occupy. 
Again : It is a magnetic polar attraction which Iseeps molecular atoroa 
of hodiea together, or rather, in appoaitioD. Were their chemical 
electivo affinities overcome, as ia the case with those free corpuscles, 
making up the chief elements of the air breathed by us, we should 
not know (things being comparatirely at rest) of the existence of 
these said liberated atoms, unless their component particles were put 
in motion by some spiritoiis-matter, viz., heat, electricity, &c., as is 
the case with onr atmosphere, which is only perceived whilst the 
wind is blowing ; this motion (aJmost alone) in a general way reveals 
to us the existence of the aerial element that envelopes the earth. 

69, It may be said that there are at present known to us in Nature, 
three characteristic and distinct classes of material bodies. The 
ponderable, the spiritoite,* and the s^irihml.f Pirst. Gravitatintj 
matter is demonstrable to us through particular and distinct proper- 
ties, which can only be made evident to our feelings by means — 
secondly— of certain undiilatoiy sjiw>ii(j«s-ei«iten(j, as heat, electricity, 
and magnetism, &c. Lastly, and specially, must be recognised the 
ipiriiual-malerial essences discerned by particular animal function! 
perceived and felt in still and locomotive life, to which latter must be 
added other qualities or capacities super-eminently developed in and 
appertaining to the inner selfhood of man, 

70, I will conclude this part of my subject by suggesting that 
gravitating matter is made use of as the mould of the life-principU 
of vitalised beings, as well as constituting the formation of inanimata 
substances. Spiritual-matter is the moving ability belonging to vivi- 
fied bodies, and gives existence to the highest reasoning capacity 
possessed by man. (See the Author's Essay on Motion). 

71. "Matter," suggests Hudson Tuttle, "has been resolved intoi 
various primary bases. First, it existed as a lire-miat, then as a hetero- 
geneous ocean, which finaJly separated into the yieldingwater and the 
earliest conglomerate rocks. The latter in time crumbling into dust, 
produced the soil, from which em*r^ed the vegetable world. Out of this 
botanic kingdom gradually progressed the lower forms of animal life, 
and these proceeding onwards thi-ough untold ^es, grew into thft' 
higher productions of animated nature and humanity." Thus all thing*'' 
are found in man : he himself is an epitome of the universe. ScienoS'' 
is demonstrating that there is a refined ethereal element which pe-na*' 
trates all bodies with its requisite vibrating motions." 

72. The spiritual body of man is built up of certain subtile elementa 

• 9piritoiia— tliat IB, actiie, reflnad, ardent, dj rulating to electricity, heat, Jtc. 
t Spiritual— mentui, intellectual, puriSod from eltemnl Ibinga, nnd appertain* 
to the oiind, epiril, or aoul. 
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apiiertaining to the geiteral syBtem of entities. T!ia soul- principle, 
then, of the human ra(;e, holds to its place in the existence of things, 
and being a, part of the divine element of Nature, it must be im- 
luortaL 

Ascend the stream of time as fiir as we may, new formations will 
be found at eveiy step, but ei-eation, or the fresh generation of im- 
ponderable matter, and its associated spirit-essences — never. The 
old system always contains the germ of the new. 

73. It is generally atated that the soul is " the intelligent, im- 
material, and immortal part of tuimau beings," 

How can nn immaterial* being have intelligence? How can it 
exist ? It is an absolute nothing, an intelligent nullity, and an 
immortal naught 1 And this nothingness is not a fact of organisation, 
but a gift of the Deity! Ardent indeed is the imagination of the 
metaphysician t who accepts such an existence and maintains ita 
desirability. This immortal part, they say, is a fragment from the 
divine Being, and is au image of Him in quality, but different in 
degree, 

Not a step has been made in this path since the Brahmins of the 
Ganges taught their doctrines, which are so remote that all historic 
dates are, compared to them, as occurrences of yesterday. 

74, " If we could return back (iloug Time's path far enough, we 
should dud that some of the constituents of the earth were thrown 
off from its central sun by radiation or magnetic and electric action, 
which in time became a liquid ball, and by further emanations, a 
crust cooled over the perhaps intensely heated and condensing fluid 

, centre. The then atmosphere may be conjectured to have been black 
with the vapour of volatilised elements, wliich were probably too in- 
tensely heated to unite in compounds, and not until the temperature 
became lowered did oxygen and hydrogen, or their ultimate and un- 
particled elements, unite to form the vapour of water. When this 
temperature was still further reduced, the vapoiu; cundensed and fell 
in showers on the heated surface. Then began a new series of action, 
which for awful sublimity could only be witnessed in the primeval 
state of worlds. The wat«r falling from the murky atmosphere, sur- 
charged with volatile elements, ran down into the hollows of the 
rocks, penetrating the crevices, and, coming in contact with the inter- 
nal heat, became convei-ted into steam, and in this state rending the 
surface into fragments, which afterwards became disi 
pulverised. Collecting in large volumes, thermal lakes 



• InituaWi-isl. — This word h derived from llie FrancI: iiniiia 
Lcanilated as Ihnt whiL-h c^onsif ti nehher of matter nor bodj. 
t One who tours be,Yund Ihs buuiida uf actual eiperieuce. 
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were formed, which boiled, caiddrou-like, sending up eteatn and 
spray, and thus coufuaion prevailed. Land and water intormiogled ; 
the sea being nn archipelago of thickly interspersed islands of rugged 
rocks ; the low, irregular peaks scarcely appeared above the black 
iFsves, and their rugged sides spoke of their flery birth ; the weird 
landscape of desolation, was enveioped with a black and lowering 
atmosphere in which the stonn never ceased. Nature put on a strange 
garb in those her early days, yet order's laws reigned supreme amid 
the wild confusion. Even then the vast plan of Kature in all her 
minutiaa was written in the secret chambers of the constitution of 
the atom, and this commotion was only its throes and spasms to give 
it more complete expression." 

75. And now touching the matter of the soul. Aa the mortal 
senses cannot recognise the matter or substance of which the spirit 
organism is composed, and aa all idea of matter is derived from them, 
wc cannot form a just conception of its qualities, nor know little 
more than that it must be subtile in characier. In fact the spirit 
must be formed of matter, and become refined and sublimated perhaps, 
but matter still. 

"Science deals mostly with visible materiality,^ that extreme 
entity which is palpable to the senses, and has density or form, Th*' 
Harmonial Philosophy of the modern espbrer deals with the 
matter in a vastly different mode : the opposite extreme of the 
entity, matter in its translated or ascended condition, a positioa 
advanced above the molecular ol- atomic state, in short it treats upon 
undeveloped and v.iipaHided aa the ultimata elements of matbav 
Scientific investigators fail to get out of or beyond magaed or the mob- 
eular ■pkaset of maferialiUj ; they rarely touch atoms, nei-er essences." 

76. "We are oiten met with an objection urged as conclusive. 
Thus, if spirits say they are material, why can we not see them ? 
But experience teaches us that the atmosphere cannot be seen, ani 
if we trusted to the eye alone, should never Isnow that it exists.. 
"W^hether a body is visible or invisible to us in our present or comtiUM 
state, depends mostly on its relation to light. Professor Grove most 
particularly insists, " that the energy emitted from the sua may 
take different characters at the surface of each planet, and require 
particular organisms or senses for its appreciation. Myriads of 
organised beings may exist, imperceptible to our vision, even if WB 
were among them, and we might be invisible to them." 

77. " The necessity of ascending to higher elemental forms should 
be Apparent, and the iudiridiialisation in the spirit is elTected by and 
through means of the inoi-tnl bod)'. With the proper understanding 
of words, we may employ the terms. ' matter ' and ' spirit ;' the 
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latter meaning the subtile and ultimatcd elements which pervadu and 
underlie the physical M'orld. From, tiie former the physical body h 
fashioned, from the latter the spiritual body. This dual deyelopment 
commences with the dawn of being, and ia common to all living forms. 
The two mature together, one pervading and being an esact copy of 
the other, and death is their final separation. The mortal body is the 
form by which the immortal is created or collected." 

78. As the animal emerges through intermediate shapes of 
development np or into man, and the infant knows less than the 
perfect animal, the line of domarca.tion between Iha perishable and 
imperishable is apparently drawn with diflieulty. However a certain 
degree of advancement is essential, beyond which immortahty obtains. 
The line is not abruptly or prominently drawn. 

79. " The spirit of an animal is uot perhaps necessarily immortal, 
but can become gradually eitinguished after an indefinite time. As 
the constitiients of the creature's body are absorbed by wind and 
wave, and wal'ied around the world, to be seized with avidity and 
decomposed by other forms of life, so its spiritual portion ia resolved 
like a cloud into the ocean of spiritual elements." 

80. Immortality ia conferred on the human race as the highest 
aim of creative energy. Man's epiritual state must surpass his 
mortal, which is its prototype, extending and consummating a mortal 
life. Whether we die drawing our Srst-breath or after a fidl century, 
has not the least inJlaence iu the^^iuiZ growth and attainment of the 
spirit, which embodies every law of progress; whether as a spirit clad 
in fiesh, or a soul in the angel spheres, man is amenable to the same 
taws. We can learn many lessons from the contemplation of this 
fact. By it we comprehend our duty to laws, and our relations to 
h^her orders of intelligence. The brutes of the field and also oiu- 
ignoble brethren — all the forms of life beneath ua — require our kind- 
ness, love, and sympathy ; tho angels of light— oic elder brothers — 
call forth our love and emulation. W^e are ephemeral, of a day, but 
companions of auns and worlds, and possessed of a proud conscious- 
ness that when the lofty mountain-peaks have become valleys and the 
earth, as now constituted, has passed away, when the sun no longer 
shines or excites forth light, and the stars of heaven are lost Jn 
night, our ^iritual betitg, in its eoui-ie tow I l f ' n vi'll ha 6 
begun, ax it were, its never-ending circitit, 

SI. Man, subject to certain excitations flwt f h 

19 led to aasign those dispositions to an t la Tl U. 

effect is that which he calls matter. AVI t tl t 1 Id 

■tst-lf he knows not. Ilo recognises only t p b 1 1 f p 1 

in him certain impressions — the ordina y f 1 f th no 



sensations us they are called — and those wliieli give tke ideas of 
extension, fignre, and resistance. Thus, hoving already supposed a 
something without, he pronounces these to be its qualities, ignorant 
all the while what that aomettiing is, and Jmowiag it only aa the luh- 
stratum of the qualities. We weigh iDatt.er, meaaure and decompose 
it, &c., and if we seek to advance one step beyond these groas operar 
tions wp End ourselTea helpleaa, and before us an immeasurable abyss. 

82. All differences in material objects aa they esist in Nature iiave 
been aaid to be the effects of motion disposing primary particles into 
forms; and that which is called chemical action is — when considerKl 
in ita origin^ — nothing more than an effect of mobility in the more 
refined and subtile order of substances ; deeompoaitioii being produced 
by opposing abilities, composition by attractive energies ; and thus 
also chemical action, like that which ia called mechanical, is reaolvable 
into an effect of motion. We know nothing, then, of matter, save 
through ita aenaible properties : remove these from a body and the 
idea of its existence diauppears. 

83. Corporeal substances have been suppoaed to be made np of 
particles or atoms baling particidar forms, each poasessed of a certain 
magnitude or property, and that detcTminate numbers of atoms of 
one kind admit of combination with a limited number of another 
genus or of several species, and thereby form by their union eom- 
l>oiind atoms, having properties belonging to that comraisture 
differing from the known qualities of their elemental particles or 
those separate moleculea of which the compound is forme'd, Ab, 
for example, n-ater — a fluid — consists of compound corpuscles, which 
when separated into ita constituents is tburd to be made of gases — 
viz., oxygen and hydrogen. 

84. Some schoolmen hai'e assigned to matter primary and 
secondary properties, 

Pkislabt Qualities. — Length, impeuetrabiltly, depth, indestruc- 
tibility, breadth, diviaibUity, weight, inertia, poroaity (this latter being 
shown by the interstitial spaces between the atoma of substances 
which is occupied by heat), ether, light, electricity, and unparticled or 
unatoraised matter). 

85. SKCosnAET PRiiPEKTiEa. — Density, transparency, opacity, 
translucency, malleability, solidity, ductility, colour, fluidity, and all 
thoae qualities by which we distinguish one aubatanoe from another. 

Certain liUrali have defined matter aa anything which occupies 
space, and to be subjected to attractive and repulsory laws. The 
attractive are divided into thoae that act at sensible and insensible 
distances ; tho repulsory into homogeneous and heterogeneous, 
namely, those which take place between similar aud dissimilar bodies. 
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It is inteaded Lhrougbout tlie fortlicomiDg work to point 
out certain no-yel cliaracters in regard to tliu influencing aHri- 
biites of MiTTBn — by displaying through jiiirticular facts — ^tlie 
Irne agency that tlie atomized unj unatomized or ultragaaeona 
worlds, exercise m the economy of Nature. Added to nluoli, 
will be an investigation into some of the more abstt'uee Laws 
t:overoiug tlie various kinds of Motivitt. Also an imjuirj' 
touching the action of tho Lipe-Ped»ciple as it maoifosts 
itflolf, whilst governing the development of the vegetable and 
animal kingdoms. Further, the MATEBULinf of Elbctricity, 
Heat, Lioirr, Coi.ouita, and Souku, are considered, demon- 
strating that thesD principles have moat of the cbaracteristJcs 
*if corporalities — save that of ponderability or weight, 
addition, will bo a disquisition touching the qualitative 
of Resibtahce, and lastly will be annotations on Qboi 
and AsTooNOMY. 
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Attributtf or Endowments of Matenality. 

I (a.) Elasticity is that oajmbility which certain articles possess 

t recoreriDg their primitivo form and dimeiiaiona after the applied 

! by which they may have been dilated, compressed, or bent, is 

The molecules of matter may — for the aako of illustra- 

— ba presumed tfl be at'ted upon by attractive and repuisivo 

The attractive ability results Irom the action of the 

lies on each other, the repulsive effort from the caloric and 

(fftdty, Ac, surrounding them, which elements preserve a (;ertain 

inee between eacb separate particle, and this space^ — though 

nitely small — admits nevertheless of increase and diminution. 

J'Wlien a body is in that state commonly called rat, the opposite 

9 which any two of its contiguous molecules eiercise on each 

re in equilibrium, the energy of the abilities depending on the 

I between the corpuscles. If the diataaee between the 

be increased within the limits of the action of the 

e and attractive abilities, that is, short of what ia commonly 

9 rupture or separation, both enei^es are diminished, 

d if the distance is tliminjshed both are increased, but not in the 

i proportion. As for enample, if the interval at which the 

I energies balance each other be dimiaiahed— as by compres- 

1, Ac. — the repulsive ability becomes the stronger or more active 

bd the molecules are repelled from each other when the pressure, 

iDi, is removed. 

^ The principal phenomena of elastic bodies are the folloiving : — 
i. That the elastic material (the elasticity being supposed perfect) 
e same energy in endeavouring to restore itself, aa that with 
iob it was compressed or bent. Secondly. The energies of elastic 
mcea are exerted equally in all directions, but the efforts chiefly 
> place on the side in which the resistance is least. Thirdly. 
1 an elastic solid ia made to vibrate by a sudden stroke, the 
rations are performed in equal times, to whatever part of the body 
B questioD the blow may be communicated. Thus, sonorous materials 
«y8 emit sounds of the same pitch, and the difference of the note 
I the greater or leas frequency of the pulsations of the 
isdiog object. Pourthly. A substance perfectly incompressible 
lofc be elastic, therefore an object entirely solid has no elasticity, 
A hence also the small degree of resistance belonging to liquids, 
h are eminently incompressible. 

Further touchimj Elasticity. 

\ The hardest bodies, such as ivory, glass, marble, and ice, are said 

D be the most elastic or springy of all substances ; yet india-rubber, 
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from a single indiTidual, only to be perceived by means of a high 
magnifying capability, is calculated to generate 170 billionB io. four 
days, about as many as would be contained ia two cubic feet of 
the poliahing-slate of Berlin. 

The Boviata giganlma, a large fungus of the puff-ball tribe, haa been 
known to increase, in a single night, from a mere point to the size of 
a huge gourd, estimated to cootain 47 billions of cellules. Cell formsr 
tion is an inherent property of living bodies, and is found in eveTy 
form of organic matter, just as erystallisatioa appertains to the 
mineral world. 

Fungi. — Mr. Fries speaking of them, states that their sporules (the 
productive substance or seed of flowerless plants) are so infinite, that 
in a single individual of the Setieularia maxima, " I have reckoned," 
he says, " 10,000,000 ; they often resemble thin smoke, aod are fre- 
quently raised by evaporation into the atmosphere, and become 
dispersed in many ways, by the wind and insects, &c. ; it is difficult 
to conceive a place from which they can be excluded ; they have been 
found germinating in the lungs of a living man, and often suffocate 
fish." J 

The transparent wings of certain inaeeta are so attenuated in thd^ m 
structure, that 50,000 of them placed over each other would not form 1 
a pile a quarter of an inch in height. If a wire with the 432 hun- 
dred-millionth part of an ounce of gold spread over it be dipped in 
nitric acid, the silver within the coating will be dissolved, but the 
hollow tube of gold which surr-ouuded it will atiil cohere and remain 
suspended. The blood globules of separate species of animaU differ 
in figure and magnitude. In man and all creatures who suckle their 
young, they are perfectly round. In birds and fish they are of an 
oblong spheroidal form. In a drop of blood which would remain 
suspended from the point of a fine needle there must be a million of 
globules. ] 

Small as these globules are, the auima! kingdom presents beings ■ 
whose whole bodies are still more minute. Animalcules have beeal 
discovered whose m^nitude is so diminutive, that a million of them, ' 
as before noticed, do not exceed the bulk of a grain of sand : and yet 
each of these creatures ia composed of members as curiously organised 
as those of the largest species. They have life and spontaneous 
motion, and are endowed with senses and natural impulses. They 
progress with astonishing activity, nor are their motions blind, but 
evidently governed by choice, and directed to an end. They use food 
and drink, from which they derive nutrition, and are therefore 
furnished with a digestive apparatus. They have also great muscular 
ability, wliich acta on their limbs ; are susceptible of the same appe^ 
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fitea and obnosious to the same disappointments as higher orders of 
eiistence. 

SpaUon^ani obaerves, tliat certain animalcules devour othera bo 
Toradoualy, that they fatten, are indolent and sluggish from over- 
gft^j^t ig. Aiter a meal of this kind, if they are conficed in fresh 
^^Hed water, so as to be deprived of all food, their coDdition be- 
H^tr reduced : but they gain their spirit and activity, and amuse 
'tHlbBQlTes in the pursuit of the more minute animals, which may be 
supplied to them ; they swallow those without depriving their prey 
of life, for, by the aid of the microscope, the one has been observed 
moving within the body of the other. Must we not conclude that 
these creatures have vessels, muscles, nerves, circulating fluids and 
all the concomitant apparatus of a living organised body ? And if so, 
how inconceivably minute must these parts be ! If a globule of their 
blood bears the same proportion to their whole bulk, as a globule of 
blood does to our magnitude, what capability of calculation can give 
an adequate idea of its minuteness ? 

88. (c.) CRTSTiiLTBiTiON. — Liijuids congelate or crystallise in 
freezing, and if aeriform bodies could by any means bo reduced to 
the solid form, they would without doubt manifest the same result, as 
wtnessed in the case of carbonic acid gas. Electricity, light, and 
heat produce remarkable results and both accelerate and retard 
crystallisation ; but we at present have no positive evidence to show 
that either of these spiritous non-grayitating principles has any direct 
inflaence in determining the natural forma of crystals. Electricity 
appears to quicken the process of crystalline aggregation — to collect 
more readily together those atoms which seek to combine — to bring 
them all within the limits of that influence by which their symmetri- 
cal forms are determined ; many evidences prove that polar magnetism 
has a directing inflaence upon crystallisation. It has been found that 
oryatals of sulphate of iron, slowly forming from a solution which 
has been placed within the range of energetic magnetism, dispose 
themselves along certain magnetic curves, whereas the Arbor Diana 
or the common silver-tree, produced under similar circumstanoea, 
takes a position nearly at right angles or diaraagnetic to their curves. 
Certain groups of crystals are often found in the earth, which show 
by their position, that terrestrial magnetism produced the phenomena 
they exhibit. Crystals are met with, exhibiting most microscopic 
characters, and also of an exceedingly large size. A crystal of quartz 
at M-Uan is three feet and a quarter long, and five feet and a half in 
rircumference, and its weight is 870 lbs, 

8ff. (d.J iMPENETBABrLiTV is that character of a body by which a 
material dwells in its locality to tha exclusion of another, so that it 
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may bo said, that no two things can BimialfameoTisIy occupy the a 
pWe. Tet this impenetrability ia more apparent than real, as re- 
gards masses, and can only estend to atoms ol' which a auhatanca is 
composed ; for when we dissolve a portion of a sait in a fluid, we do 
not increase its bulk beyond the contained wat^r of cryetaUiaation. 
Again, by miiing a pint of spirit with an equal proportion of water, 
the result js conBiderably less than a quart or the measure of the two ; 
thus showing that there must be spaces between the partkles of one 
body capable of being occupied by the atoms of another, or that they 
are caused by catalysis (action by presence) to approsimatfl each other, 
which from the escape of heat— where condensation takes place — 
would appear to be the case. , 

90. (e.) PoEOBiTY is that state of the corpuscles of matter whid^'l 
shows that there ore interstices or pores between them, for no two * 
atoms of a body can touch each other, nor can we conceive an ability 
or energy capable of bringing them into contact ; for jf this was 
effected, compretBihiUti/ and elasticity could not exist as a quality of 
matter. In proof of the porosity of bodies it may be stated that if a 
vessel of wood containing mercury or wat«r be placed over the ex- 
hausted receiver of an air-purap, they may, by the pressure of the 
atmosphere, be forced through the wood, and fall from the ligneoua 
bow! in a shower into the receptacle imderneatb. Again : The action ■ 
taking place in the buds of plants, causes the sap to rise through tb(( 1 
body of the tree up into its branches. 

90. («, bi>.) IssHTiA is said to be the property by which matter u J 
incapable of putting itaelf in motion, or arresting its own progreBB* i 
when caused by extraneous energy. (8ee " Motion,'') 

91. (/.) CoMPEESBiBnjTY, or that condition by which the volume 
of every body may be contracted into smaller dimensions. All bodies, 
in consequence of the porosity of matter, are contractdble, though 
liquids resist compression with immense ability. 

92. (g.) Flitidity is that state of a body in which its constituent 1 
particles are so slightly cohesive or adherent, that they yield to th* I 
lightest impressions. The term is usually confined to express the con- 
dition of the once-supposed non-elastic fluids, and hence it denotes 
one of the three states in which matter exists— namely, solid, fluid 
or liquid, and gaseous. The sbite of fluidity is best defined as that 
in which bodies tend to form drops, as this disposition does not belong 
either to materials in a gaseous form, or to solid substances reduced 
to fine powder. The formation of drops arises from the circumstonoe, 
that the molecules of fluids adhere to each other with a certain 
tendency at the same time that they glide over one another, without 
any sensibld resistauce. A slight adhesion may be observed to exist 
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between the corpuscles or atoms of matter, when water or mercury 
ia placed on a flat metaUic plate. They there collect into globules, 
and when slowly poured into a glflaa, will remain heaped up — as it 
were — above the level of the edge. The equihbrium of the partidea 
of matter may be said to be maintained between t«'o energies, the 
attractive propensity, which tends to unite the moleciilea, and the 
repulfliye ability that inclines to increase the distance between them. 
The solid condition may he said to result irom the predominance of 
the attractive magnetic energy. 

If we increase the repulsive ability so as to impart an augmentation 
untU it becomes equal to, or forms an equilibrium with, the electro- 
attractive energy, the particles exerting on each other neither attrac- 
tion or repulsion beyond the balance, the body wOl be in a fluid stata 
If the repulsive propensity be increased— as by the introduction of 
heat — the corpuscles will be separated from each other to such a 
distance, that their mutual attractions will cease to be sensible, and 
then the body passes into the gaseous or vaporous condition. We 
may then pronounce that there is no stationary natural state, and 
that fluidity, solidity, the condition of vapour, and the aeriform dia^ 
thesis are only accidental, and determined by the temperature of the 
medium in which the body is placed. 

93. (A.) HAaoHEaa may be considered as that quality of materials 
by which their molecules resist the action of any external apphcatioa 
tending to aJter their relative positions or impart to them any motion 
in respect to each other. 

Hardness in mineralogy varies in degree according to the follow- 
ing scale :^1, tale; 2, rock-salt; 3, calc-spar; 4, fluor-spar; 5, apatite; 
G, adolaria (felspar) ; 7, rock-crystal ; 8, topaz ; 9, corundum ; 10, 
diamond. Any mineral which neither scratches nor is grooved by 
any other of the above substances is said to possess the hardness 
eqjressed by the attached number. 

94. (i.) EiGiDiTT is said to denote the resistance to change of 
form, and is the opposite of flexibiUty. In mechanics it implies a 
reaistance to change of form. Eigidity is often in the arts called 
ttiffnesa. 

85. {j.) SoLLDiTT. — The term solid is applied to that condition of 
matter in which the attractive propensities of the molecules are 
greater than the repulsive, and the particles consequently cohere with 
greater or less energy. In Jlmds the attractive and repulsive abilities 
are balanced, with gates the repulsive prevail. 

9fi. (k.) DcoTiLiTY or Tenacity. — A property of certain bodies, in 
consequence of which they can be drawn out at length without sufter- 
ing any intorruptioa of continuity or of their couatitaent particles. 
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The term ductUity is frequently confounded with mallealititt/, or that 
property of bodies through which different forms can be given to them 
by preaBure or percussion. In genera], ductility depends, in a greater 
or Jeas degree, on the temperature. Some bodies — wax for example — 
are rendered ductile by n small degree of heat, while glass requires 
a violent heat before it acquires ductility. Some of the metals — for 
instance, gold, silver, lead, fe.— are ductile under all known tempera- 
ture. The ductility of some metals far exceeds that of any other 
substance, as shown by the operation of the gold-beaters. Platinum 
and silver were drawn by Dr. Wollaston into a wire the 5,000th part 
of an inch in diameter. Glass, when well softened by the fire, becomes 
BO ductile that it can be spun into threads as fine as that of the silk- 

The makiog of a wire from a bar of metal, or as it is termed, the 
drawing of wire, is nothing else than giving a new set to the particles 
composing the rod. Different metals possess the property of sub- 
mitting to this new arrangement without giving way — which is termed 
ductility — in different degrees. Gold is most ductile, nert silver, and 
platinum, and then iron, copper and zinc, tin and lead. Although 
the particles of the wire are less closer in approjimation after the 
operation of drawing than they were before, yet they hold together 
more firmly — so that the tenacity of the wire or its ability of sustain- 
ing a great strain is augmented. A bundle of wires one-tenth of an 
inch in diameter, of such a size as tohave the same quantity of material, 
will sustain a weight of from 36 to 43 tons, and if the wire be drawn 
more finely so as to have a diameter of only one-twentieth or one- 
thirtieth of an bch, a bundle containing the same quantity of material 
will sustain a weight of from 60 to 90 tons. For the sake of com- 
parison it may be mentioned that a mass of hemp fibres glued together, 
will sustain a weight of 41 tons per square inch, whilst copper wire 
will not support more than 27 tons, silver only 17, gold 14 tons, i 
lead wire one and one-tenth ton per inch. 

97. (I.) Weight. — In physics, that property of bodies by virtue I 
which they tend towards the centre of the earth. In this seo 
weight is synonymous with gravity. 

Weight in mechanics denotes the resistance to be overcom*l| 
a machme, whether in raising, sustaining, or moving a body. 

98. (m.) Gbayitatioh (from "tjravis, heavy"). — Every part 
of atomised matter has a disposition to press towards, and, if i 
opposed, to approach to, every other developed corpuscle ; but t 
is only true when ponderable atoms or bodies are opposite! 
polar, for if their points of apposition be both positive or bofl 
negative, they will repel or fiy off from each other, aa witaesB^ 
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'by the approach of the like poles of Buspeoded oblong magnets. 
A body wbich at the equator weighs 194 pounds, if transported 
fo the poles would weigh 195 pounds. This reanlt ensues from the 
inlensiti/ of the earth's mugnetic undulations being increased in 
ittractiTe energy. 

Oravitation in regard to the Tida considered. — "The moon is said 
a be the principal agent in the prodviction of the tides, but they are 
uodified, both with respect to their height and the times at which 
ttey happen, by the action of the sun." It is assumed that the 
Itarticles nearest the moon are attracted most, hence the rising up of 
tte moveable waters, when the moon is on the meridian ; but, in 
Oonsequence of the rapid rotation of the earth about its axis, the 
ipheroid equilibrium is never fully formed, for before the waters can 
take their level the vortex of the spheroid has shifted its position on 
tiie earth's surface, in consequence of which an immensely broad and 
Tery flat wave is formed, which follows the motion of the moon 
e interval of time. In the open sea the period of high water 
ie in general from two to three hours after the moon's transit over the 
meridian, either above or below the horizon. The waters of the ocean 
d in a similar manner by the sun, but being less in effect 
only modify those of the moon. 

At the syzygies (conjnnction or opposition), when the sun and moon 
! to the meridian together, the tides are, ceteris paribus, the 
liigheat ; at the quadratures, or when the sun and moon are 90" 
distant, the tides are least. The former are called sprint/ tides, the 

ter neap tides. 

Tide wme. — Off Cape Horn, and round the whole shore of Terra 
del .Fu^o, from the western extremities of the Straits of Magolhaens 
la Stanton Island, the tide wave, instead of following the moon in its 
diurnal course, travels to the eastward, and a little further to the 
north tho tide sets to the north-west. On the shores of Spain and 
iTorth America, the tide is a day and a half old, at London two days 
■ad a half old, when it arrives. How does this fact account for two 
^dea in the twenty-four hours ? 

Euler and Mr. Airy introduced the subject of fluid oscillations or 
imdulations in their theories of the tides, — (" Penny Cyclop.," vol. 27, 
1. 149.) 

If we can divest ourselves of the witchcraft of attraction, and the 

intie display of irrelevant mathematics, we can have no difficulty 

1 understanding the tides. " But we must look to facts, and avoid 

ttie closet fancies of those who never saw a tide. What is meant by 

le great tidal waves which go round the world in two or three days, 

« are at a loss to imagine. The maps of them will be monuments 
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of the foDy of theory, and of the weakness, above all, of the B 
tbeory of lunar attraction, witt whicli such dreams are associated; 
We never saw or read of anyone that ever beheld the great tidal 
waves of the ocean." 

The moon and planets add to their average motions certain oscilla- 
tions about their mean places, the tides also consist of oscillations of 
the ocean about their uniform spheroid, which, but for the action of 
the heavenly bodies, would be carried round in the diurnal rotation of 
the earth. — (" Penny Cyclop.," vol. 17, p. 43.) 

The earth oscillates in exact periodic times like the other planete 
There are fluctuations in the atmosphere and the mercury in 
barometer rises and falls regularly twice in every twenty-four houi 
— Herachol (" Astrooomy," pp. 216 and 333.) 

If the moon has any attractive influence upon the earth (mot 
than what consists in the natural relation existing between the tw 
bodies), why, when the moon is in conjunction with the sun, does ncfr| 
the water become )«we elevated on the side of the earth next to thea 
bodies, as might naturally be eipected if such attraction existed ?' 
Also substances upon that side of the earth would not then weigh 
nearly so much as when the moon was otherwise situated. Also 
when the moon is on the opposite side of the earth, and the earth 
Buatains a position between it and the sun, why is not the elevation 
of the water equal at all portions of the earth ? For if the moon and 
sun exert an equal influence, the result should be equal heights of 
water over the earth. A body rotating like our planet on its axis 
has the greatest tendency to throw otf substances in the direction 
in which it revolves. As the earth turns on its axis, at the present 
time once in twenty-four hours, it must of necessity produce two 
elevations of the sea, especially aa the waters surround the whole 
globe. Every twelve hours the aqueous element would be elevated 
at the extreme east and extreme west, or, in other words, at given 
antipodes of the earth. The elevation of water once in twelve hours 
is a result of the centrifugal tendency that the globe creates in one 
half of its period of rotation, corresponding tides being thus produced 
on the opposite side of the earth. 

It was strange that so many calculating thinkers should have 
upheld the theory broached hj Newton, relative to the influence of 
the moon producing the flow of the tides. But it may be said of 
most school philosophers, and Nevrton in particular, that they were 
and are chiefiy material fact ItuMeri; the unseen or intangible have 
or had no attraction for them. Newton was often little beyond a 
learned walking bundle of figuro-calculationB and handlex of mathe- 
matical and other instruments, whose reflective faculties, like Lord 
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Bacon's, were too large for the other parta of bis brain. He resem- 
bled many of those belonging to scientific societies, incapable of 
feeling or appreciating living natural productions. For instance, he 
was accustomed to term poetry ingenious nonaensB, and hia opinions 
of music and sculpture were as iodiflerent as those adduced relative 
to poetry. The forest and flowers of the earth had no attractions, 
and though he studied colours they had no charms fur him. His 
friendship, or rather associations, alone extended to those who, liie 
himself, dealt only in figures and mathematical apparatus ; and, as 
for the passion of love, he, lite Michael Angelo, Charles the Twelllh 
of Sweden, and WUliam Pitt, avoided, when possible, the society of 
women and all their winsome attractions. Many other men who 
have gained eminence were one-idead, or bo absorbed in a single 
pursuit that they were dead to most others. The sculptor and 
painter often think more of the marble and tools in the one case, and 
the canvass and pigments in the other, than they do of the lovely 
forma of ftdi-iig they are trying to represent. Again, the botanist 
has no elective sensibility towards the beautiful flowers he gathers ; 
all hia thoughts and leanings are engaged relative to their class and 
structure, and in pursuit of these, he tears the culled flower into 
pieces. 

99. (m.) Densitt in physics denotes the quantity of matter which 
a body contains under a given or determinate surface ; for example, 
a cubic foot. The quantity of matter in any substance is coOed its 
mass, and is measured by the weight of the body, to which it is 
always proportional. Hence the density of any substance is great in 
comparison as its gravity is great and its volume smaU, or the density 
of bodies is directly as their masses and inversely as their volumee. 
It follows also from this definition that if two objects have the same 
size, their densities are directly as their masses or weights, and that 
if two bodies have the same mass or weight, their densities are respec- 
tively in the inverse ratio of their volumes. The density of a body is 
also proportional to its specific gravity. 

100, (o.) Tkabbpahehoy is that quality in certain bodies by which 
they give passage to the rays of fight, and is generally supposed to 
be a consequence of the homogenity of the matter of which they are 
composed. 

101, {p.) Tbakslccenct — SEMi-TBAWSPAOEifOT, — These terms 
are chiefly used in descriptive mineralogy as applied to minerals 
which admit of a passage of the rays of fight, but through which 
objects cannot be definitely distinguished. 

102. (j.) Opacity. — In optica that quafity of bodies which renders 
them impervious to or incapable of traDsmittlng light. 
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103. (c.) MjLLtEABiLiTT (from malleiig, a bammer). — The pro--' . 
perfcy of being susceptible of exteiiaion uader the blows of a bammer. 
It is especially characteristic of eome of the raetala, and in this 
quality gold exceeds all others. The leaf so produced from this metal 

is not more than a two-tbousandth part of an inch in tbicknesB : five 
grains may be tbua extended so as to cover a suriace o 
270 square inches. 

COLOUES. 

104. («.) Colours have generally been supposed to be merelj^J 
peculiar undulatory properties of matter, but I am impressed to 
depart from tbis hypothesis and incited to pla{% all hues among tb^l 
imponderable spiri to -material elements, like heat, sound, electricity,'" 
and certain odours, &c. 

105. ((.) It is' found that when particular colours are intermingled, 
their distinctness is unobservable or becomes lost, and the result is 
white lighl, or a bueless toiitur*. Tbis sequent may be compared, to 
the union of distinct melodious tones, the blending of which creates 
HurvwH'j, and wakes up the feeling — especially when beard from a 
distance — as if they were constituted but of one sonnd. It is also 
known that when two or more hues are mingled together they form 
compound tints, producing the efiect as if emanating from one 
ment. This result may again be Kkened to certain vocal duets 
trios, producing — when not too near — but one harmonious sound. 

Colours have been proved to be always unduJating or emanating 
from bodies, whether in the presence of bght or enwrupt in darkness. 

Proof of the materiality of colours can be demonstrated by inter- 
cepting particular rays from the spectrum, and thereby disjoining or 
rather decomjaoiing certain of the minted rays constituting white light. 
Por instance, we cannot separate the grun rays of the spectrum into 
yellow and blue by the refraction of prisms, yet a purplish-blue glass 
will attract or rather take up the blue rays and thus arrest them in 
their course and allow the yellow undulations only to pass t we are 
thus enabled to analyse the green as effectively as if they — the rays 
in question^ — were disunited by refraction. Similar results ensue 
when diMeeting other colours. 

106. (h.) Tinted wines when introduced into small tubes, eibibit 
no colour. Further, the green of the sea-water is not perceptible 
when put into a glass vessel. The reason of this result is, that the 
tinted undulations from the above-named fluids are too few or not 
intense enough to eicite the tibrillfe of the phrenological organ of 
Colour, and hence the inabibtj of detecting the hues of the fluids 
alluded to. The true condition as to the tints of different bodies 
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must not always be left lo the docisioii of certaifl persons, for with 
many indifiduais the before -mentioned braiu-organ is deficient iu 
development as to it3 colour-detecting fibres. This is exemplified by 
the following cases : — A Mr. KarriB, a shoemaker, at Allenby, could 
not distinguiBh the colour of a cherry from that of the leaves of the 
tree. His two brothers mistook orange for grass-green, and liyht 
ffreen for yellow. A Mr. Scott pronouDced jiijit to be pale Hut, and 
a full red a decided f/reeii j hia father, uncle, sister, and two sons had 
the aame defect. (See other caaes described in " Brewster's Optics," 
pp. 311, 312.) 

107. (i'.) We often feel the efieet of colours some time after the 
object from whence they emanated has been removed from our pre- 
sence. The above result ensues from the memory, as it were, of past 
excitement, which is kept up by the vibratory action of the nerve- 
loops, appertaining to that portion of the brain adapted for the recep- 
tion of tinted rays. 

lOS, (w.) The coloured spectrum (according to " The Tear Book 
of Facts ") has been engraved on the daguerreotype-plate, further 
demonstrating that colours are effectively material ; a nothing could 
not produce sequents. 

Very few persons, if requested to mark with the point of a needle, 
the limits of the coloured rays, will single out the same spot, and 
other individuals fail to perceive certain tints. The eyes of these 
different parties are the aame, but not their brain-organisation, 

109. (-V.) Herschel was the first that obtained any good specimens 
of photographical impressed prismatic colourations. Baguerre bad 
noticed that a red house gave a red image on iodized silver plates 
in the camera obscura. Foi Talbot found that a red coloured print 
was copied of a red hue on paper spread with chloride of silver. 
A paper prepared by washing it with muriate of baryta and nitrate 
of silver, and allowed to darken whilst wet in the sunshine to a 
chocolate colour, was placed under a frame containing red, yellow, 
green, and blue glasses. After a week's exposure to diffused light, 
this prepared paper becomes red under that coloured glass, yellow 
■ad green when beneath these latter tints, and light olive under the 
blue glass. 

110. (y.) The elements constituting colours maybe conjectured 
to exist in the atmosphere and throughout all space and should be 
ranked with light, heat, and electricity, being, like them, a aubtile 
nnparticled imponderable material ether. These colour-principles 
can only be made evident to our senses when in union with atomised 
gravitating matter, which, accordingly as bodies change either in 
quality or composition, will radiate or undulate different tints. Thus 
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there is no diaeoverable relation between the colour of a ponderable 
compound and that of ita elements. Tor instance — iodine ia of a 
deep iron grey hue, its vapour is violet, it forms beautifully white 
salts with the alkalies, a splendid red compound with nlercury, i 
yellow one with lead. The salts of iroo vary from white aad yellow 
to green and dark brown. Those of copper (_a red metal) are of I 
beautiiiil blue and green colour. 

111. (s.) Different coloured glasses transmit dissimilar quantities 
of heat. Thus red admits the passage ofl7deg. ; orange, 27 deg. ; 
yellow, 45 deg. ; green, 42 deg. ; blue, 47 deg. ; indigo, 70 deg. ; 
violet, 15 deg. 

When wood or ivory is burnt or oiydised by electricity, the spectrnm ■ 
is crimson ; silver and leather produce green by electrical ignition J 
and powdered charcoal yellow. 

112. (ao.) The blind youth couched by Chesselden thought Bcarlei 
the most beautiful of all colours, but black was painful to his feelin|^ 
He fancied every object touched him. 

113. (bb.) Claudet states that blue proved to be the most able 
photographic agent, and yellow the weakest. He threw the prismatic 
spectrum on paper, and also on the silver plate, the colours being 
marlied on the paper, and the effects remaining on the photographic 
plate. He thus showed that the photographic prism presents results 
different from the apparent intensity of the prismatic spectra. He 
further observes that the rays which make the photographic picture 
are diffa-eiit Irom those of light. 

114. (ce.) Liyht has been said to be a great mystery. Spirit itself 
is not more incomprehensible. It is a principle that makes all com- 
mon matter visible, therefore it must be matter itself. Mysterious as 
this Bpiritous principle is, it can be analysed, and is found in combina- 
tion with many other elements. All col<mrs are associated with it, 
and they are almost innumerable. Heat travels along with it, and 
also another substance colled aetine, or actinism." These principles — 
lights heat, and aotine, &c., are perfectly distinct, and they can all bo 
separated. Thus rock salt transmits 92 and alum only 12 per cent, 
of heat, and yet the same substances are permeated by a like amount 
of light. Again, black glass, which gives passage to a very small 
portion of light, allows 90 per cent, of heat to go through it. Yellow 
glass, that intsrcepts little or no hght, but preserves the foil gloiy of 
the sunbeam which has passed through its substance, changes alto- 
gether the chemical character of the light, for the actine has been 
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stopped at the outer Rurface, and can be no longer discovered. This 
flctine is the element which produces the chemical changes on coloured 
Babstances, aod is therefore supposed to be iudiapenaable to the pro- 
duction of daguerreotype likenesses. Hence it follows that in & room 
with yellow window-glass the portraits are not ibrtbcoming. No 
impression is made on tbe iodised plate, not even by the image of tho 
8un itself. Nay, the picture of the solar luminary, received through 
yellow glass, even protects the otherwise sensitive plate from change, 
thus proving that it is not light, but tLe influencing aetine of the solar 
ray, that produces these exquisitely delicate and accurate pictures. 
They can even be taken in the dark, for actinism can penetrate black 
or deep blue glass, which shuts out light, and it can be introduced 
■without light into a room with the dark or blue end of a solar spec- 
trum refracted by a prism, and the actinism is all that is necessary 
tor the a:Ction of the daguerreotype. 

115. Tho three principles found in a sunbeam will be actioe, heat, 
and light, and are divided between three colours—blue, red, and 
yeUow. Blue contains the aetine, red the heat, and yellow the light, 
in the largest proportion. If you decompose a eompound ray of light 
by means of a priam, you find that the colours will separate in the 
following manner : — Yellow occupies the middle, blue one side, and 
red the other. These are all the original colours of light. The rest 
are compounds, made up of one ray o-verlapping or rather intermiiing 
with another. Thus the spectrum rea.ds from above downwards, thus ; 
— first, the heat ray ; then, second, red ; third, yeUow ; and fourth, 
blue colour-beams ; and lastly, fifth, the chemical or actinic ray. 
Actinjam prevails in spring, light in summer, and heat in autumn. 
Now actinism belongs chiefly to the blue rays. It follows, therefore, 
that a plant which is covered with blue glass in the spring of its 
existence is placed in more favourable circumstances than one that is 
covered with yellow glass ; for yellow vitreous substances prevent 
almost entirely the transmission of the actinism. Under the yellow 
glass the young plant will not germinate. In the summer of the 
piant^s life, however, when light is principally required for the selec- 
tion or creation of the carbon, which increases tho bulk of the plant, 
the yellow glass becomes more fevourable. In the autumn, red glass 
is conducive to the transmission of heat, which is chiefly required for 
the ripening of the fruit. It is owing t« the abundant supply of 
actiniam in the polar regions that vegetation during summer pro- 
greesea with such singular rapidity in. those cold climates. The defi- 
ciency of heat prevents the growth of innumerable plants which can 
only be reared in temperate and tropical climes ; but the vegetation 
that can be reared in cold regions comes quickly to maturity, and 
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Bpring, summer, and autninn aje all compresaed within the small 
compaaa of two or three montha. In tropical regions, on the other 
hand, the heat ia more abundant than the actinism. This condition 
of things is favourable for fruit and plants, but not for daguerreo- 
typing. It has been proved that under a dear tropicaJ shy no pictures 
could be taken, but no sooner does the rainy or winter season set in 
and the light dirainish, than the actinism ia increased, and the photo- 
graphic plates and paper become sensitive to its influence. This is 
the season when Nature in the East shoots forth her buds and covers 
the ground with grass in a few days. It has hitherto been supposed 
that tliis luxuriant efiect is the sole product of heat and moisture, 
but it ia now demonstrated that the actinism in the light is an indispen- 
sable agent, without which the radiant heat and moisture operate in 
vain. This actinic agent, workjjig in darkness or defective light, also 
accounts for the rapid progress which in moist summer-weather aU 
sorts of plants generally make in t!ie night and moroiug, for, though 
light and heat are necessary to the strengthening and ripening of 
vegetation, the shooting and opening of the hiid is the work of the 
actine, and so averse are flowers, which are fruit in embryo, to the 
mere principle of heat, that they naturaUy avoid the red rays and turo 
round to the yellow and the blue. 

116. Baron fieichenbach's clairvoyant subjects could discern dif- 
ferent coloured undulations bursting from all bodies, but especially 
the magnet. These latter resembled the awrurit horealis, and eiteijided 
a long way fromthe object, and were white, yellow, red, &c. Further, 
each metal was perceived by the Baron's patients to throw off par- 
ticular and characteristic undulations all difiering according to the 
substance from which they emanated. 

Action of te&its and colours. — That odours, like different tints, i 
material principles ia demonstrated from the following iacta. 
instance, coloured bodies imbibe effluvia in the same ratio as heat.* 
Thus black cloth has a greater capability of absorbing odorous emana- 
tions than white. Ked cloth is intermediate between them. Cottons 
and silks gave the same results, which were conjtmud by the different 
weights acquired by these substances from the deposition of camph<a 
upon them. — (^Philosophical Traiiaactioiii, vol. iii., p. 208.) 

117. Certain persons are almost destitute of the ability of p 
ceiving colours. Spurzheim relates that he knew a family, all t 
indiWduals of which distinguished only black and white ; Dr. tJoEe 
of Altona. could not perceive green and blue ; and Dr. Spurili 
states that at Vienna he saw a boy who waa obliged to give iip I 
trade of a tailor because he could not distinguish different coloui 
The Doctor met with aimihir instances at Paria, Dublin, dnd Edi 
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burgh. Those who do not perceive colours have sometimes it very 
acute sight, and readily appreciate the other qualities of bodies, as 
their si^e, form, &c. There is nothing more common than that a 
painter should he an admirable draughtsman as to outline, but a vile 
eolourist. Thus, aa the faculty of paroeiving and employing colour is 
not in proportion to the sense of sight, or to the understanding in 
general, there must be some particular organ which recognises, judges, 
and recollects the relation of hues. The phrenological development 
of colour is therefore necessary to painters, dyers, and all who are 
occupied with different tints. It is this faculty that is charmed with 
the flower-garden and the enamelled meadow. The organ which takes 
cognizance of colours is more active in women than in men because 
they more frequently exercise this development and are more sensitive 
to external agents. Certain nations excel others relative to this 
quality. The organ of colour is situated in the middle of the curve 
in. the eyebrow. Its great development is proclaimed by a full and 
much-arched eyebrow ; this external sign, however, is leas certain 
than when the curve is drawn outwards and upwards, so that its 
outer pitrt is more elevated than the inner. 

118. The Eev. C. H. Towoshend, in his work on Mesmerism, 
pp. 253 and 266, relates many cases in his experience of clairvoyance, 
where the patients could distinguish all kinds of colours in perfectly 
darkened rooms. The individuals in question could also accomplish 
this feat when the tinted objects were at a great distance from the 
house where they were then sojourning. This ability was always 
enhanced by practice. I myself have very frequently experienced 
the same results. These facts tend to show that colours are endowed 
with the attributes of spiritous materiality, like light, heat, sound, 
and electricity, &c. I am here constrained to advance still deeper 
into nature's labyrinths of possibOities, and shall presume to announce 
that I strenuously believe our very thoughts and feelings — with the 
efi^ts they produce — become spiritously materiaUsed, and may be, 
as it were, pictured or impressed iipon the adjacent atoms that at 
the time surrounded the unfolding circumstances. 

Further, these shadowed effects may become, by magnetic associa- 
tion, connected with or mapped out upon all the most distant 
corpuscles in the universe. These probabilities are awakened in my 
reasoning faculties, from the facts, that I have known clain-oyanta 
describe the acts and feelings resulting from the efforts of the soul 
operating ou the body, and they have imaged correctly the cogltationa 
and impressions that possessed pertain persons (though at the 
moment of relation forgotten by them) in the long past periods of 
[ their bves. I have heard these seers narrate or point out the asso- 
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ciations and rplationa to which n particular ring or piece of furniture 
might have been exposed through lengthened periods of their uae. 

These eventa aanounce to ua, that eaJih aiind-bom image muat be 
materialised and last for ever, and that it will have a shadowed 
existence, when Time's ancient templea^fashioned by the hands of 
men but to perish — ahall baye crumbled into duat, and become sf 
nothingnesB, or no longer diacernibie by the common eyes of mortals, 

119. Towking iiartial or total eoloiir-blindness. — It may be sug- 
gested by certain thinkers, tbat the soul ought to perceive o?.' 
reeogniae the existence and qualities of all things. Further, these' 
cogitatrtrs may be incited to aak. Why it is that the inner selfhood 
of certain persona faila to perceive the particular or special qualitiea 
of objects? This question maj be beat answered by pointing out, 
that the aoul, relative to aome things, requirea, like other existences, 
to be impressed or educated through certain channels, namely, par- 
ticular animal aenaea, and especially the phrenological organs— the 
abaence of which, or, rather, a deficiency in their development, must 
prevent the mind &om reaping knowledge and experience tbroogh 
instruction, and thus is prevented the employment of i 
capabilities. 

120. I think from the foregoing evidence, it must be conceded 
that colours have a sensible and even tangible material existence, and, 
like heat and electricity, they fona a part, or are mixed up with, every 
substantive object, whether aohd, fluid, or aerial ; and accordingly as 
these latter materials are being developed, or even altered, after their 
production, they will, on being indted into addon, display thoir 
tinted component parta, which, when evolved, can be readily recognised 
by the different fibres of the organ of colour, aa the fibriUse of the 
development of melody estimate harmonious aoimds. It may be 
ob8er\'ed that the ahghtest changes or alterations among the corpuscles 
in many of the bodies that surround us, unfold, or rather bring into 
more or less action, their emanating rays of coloration, which operate 
on our sensibilities, calling forth their appreciation. It may be 
readily conjectured, that as there are dissimilar kinds of colours, so, 
no doubt, there must be difi'erent species of electricity and heat ; but 
as we have no distinct organic nerve-loops in the brain to recognise 
the varying characters of theee latter elements, they cannot be 
separately distinguished, and at present — in our common condition — 
can only be appreciated by the aenses that take oogiiizjtnce of warmth 
in the one case, and magnetic e^kcitability — as regards electrical nndii- 
lations— in the other. 

121. Phosphorescent bodies, and the diamond, &c., are endo^ 
with the quality of absorbing luminous rays, and the former can 
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take up different colours, nnd tten radiate tKem in tiie absence of 
light. The peraons appointed to recogwiae these results must occapy 
a darkened room, and have the siihstancea which have been experi- 
mented upoD by exposure to the tinted materials and tu the sunbeams 
or Drummond's light, haoded in to them, 

122. Coloured bodies, when exposed to Druaimond's light, appear 
if placed in the sun's rays, but in cei-tain artificial lights, stih- 
stances assume the hues of the flamea they are exposed to. Thus, in 
the theatres they employ salts of soda to produce yellow, and the 
nitrate of strontium is used to give the flams of burning bodies a fine 
rose red ; borucic add dissolved in spirits of wine produees a green 
flamtt when buruLng. These experiraents show that colours are 
capable of undulation, and that they can emanate from ignited 
materials and be deflected from surfaces like soJids. These tinted 
are reflected by some substances as if they were of the same 
colour OB the burning light ; hut with materials of a similar hue to the 
Borne in question, the original tints are enhanced or become more 



Every body, indifferently, whatever be its hue in white light, when 
exposed in the prismatic spectruui. appears of the colour appropriate 
to that part of the spectrum in which it is placed : but its tint is in- 
comparably more vivid and full when laid in a ray of colour analogous 
to its own hue, than when exposf d to white light or any difierent tinge. 
For example ; vermilion placed in the red rays appears of the most 
vivid red ; in the orange, orange ; in the yellow, yellow, but less 
bright ! in the green rays it is green : but from the great inapti- 
tude of vermilion to reflect green light, it appears dark and dull : 
stall more so in the blue ; and in the indigo and violet it is almost 
completely black. On the other hand, a piece of dark blue paper, or 
Prussian-blue, in the indigo rays, has an extraordinary richness and 
depth of blue colour. In the green its hue is green, but much less 
int6ns6 ; while in the red rays it is almost entirely black. 

The action nf Chemieala on Colouring Matter. 
123. Some blue substances are reddened when operated upon by an 
acid ; other bodies of the same hue are not so affected. Paper tinged 
blue by litmus (a puqde pigment called archil, obtained from the 
lichen Mocella, of the Canary Islands), is made red by the application 
of acids, and again turned blue by alkalies. Further : yellow 
turmeric-paper is rendered brown by the use of free alkalies, and is 
again restored to its original line, after being dipped in an acid. The 
foregoing facts most positively show that coloiurs are substantive and 
^natarwl — altering, disappearing, and combining, after the manner 
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of otiier bodiea, and then, like them, bj chemical processea, set fi 
and restored, when rot decomposed, into tieir ultimate original 
character. 

124. Chlorophj'l! (Greet ehloroi, green, and. phullon, o, leaf). This 
green colouring matter of the leaves, &c., of plants, imdergoea 
changes by forming different combinations ; hence the disaimilar huea 
of the botanical world. Plants are often of one colour in the morn- 
ing, and another in the evening. Again, certain white dowers may 
be tinted by acids and ulkolies. In addition, some blossoms are acid 
in the early part of the day, and alkaline at its decline or sunset ; 
hence their varied tints. 

CnLOBiNB destroys the colours of plants by decomposing the comij 
pouent constituents, of which these said coloiu^s are made up, ititfl 
their ultimate elements of undeveloped or unparticled matter ; conM 
quently, after the operation of this gas, the difierent hues of tbc 
leaves and blossoms of the growing vegetation cannot be restored. 

125. When hydrogen is projected through a copper pipe, previous 
to lighting it, the colour of the flame will be green. If this gas if 
passed along a glass tube and then ignited, the luminous jet is 
tinted yellow, from the soda contained in the vitrious conductor, so 
that the different compounds which the gas touches or imbibes alter 
or change the colour of its flame. 

126. Again, we can show that matter, with its combined colouring 
principles, is necessary to the production of different hues. This is 
made evident when passing a current of electricity through trans- 
parent tubes containing air. When the atmosphere is present in the 
hollow glass piping, the projected electrical stream appears whit« ; 
but as the tube is being exhausted, the current becomes darker or of 
a blue tint, and when the vacuum is completed, the stream is then 
imperceptible, because the imponderable matter constituting colour, 
light, and heat, always resident in common air, has been withdrawn. 

127. The tints of bodies, from their difierent undulatory principles 
being rendered more intense, generally deepen by the application of 
beat, as is known to all who are familiar with the use of the blow-pipe ; 
thus minium, red oxide of lead, and red oiide of mercury, darken in 
their hues by the action of caloric till they become almost black, but 
recover their red colours on cooling. Among artificial glasses and 
transparent minerals a transition takes place from red to ( 
the application of a high temperature ; the original tint I 
however, restored on cooling, and no chemical alteration hi 
produced in the medium. 

128. Colovn'iig matter lias an esistence independent of the influi 
of light, which only sei'ves to show its being. Thus, with the \xyi 



phytes, or water-plants, some of these live in the gulfa of tlie ocoan, 
at the extraordinary depth of one or two thousand feet ; and although 
1 such situations there must reign darkness more profound than 
" blackest aight," at least to our orgaos, many of these vegetables are 
highly and beautifully coloured, 

129. A mineral dug from the earth's deepest recesHes may have 
the property, when brought to light, of displaying the most brilliant 

1 coloixrs ; although up to the time of its disinterment, uot a luminoua 
beam had ever fallen upon it. This property of reflecting or throwing 
off tints was not, of course, produced in the stone through the 
agency of light. Again, a fluid prepared in a dark laboratory, when 
esamiaed by daylight, will reveal the most exquisite tints. It is 
otherwise with plants ; here light acts as an agent, causing them to 
secrete, or rather, form, out of unparticled matter, certain compounds 
capable of emitting colours. 

130. The CotoxrHiNO Mattebs oe Vlowers can be readily ex- 
tracted ; many of them are fugitive and change considerably in tint, 
and are often altogether destroyed on drying, Iwing resolved into 
their ultimate elements ; others are comparatively permanent ; the 
tinted juices are often altered when expressed — thus the red becomes 

I blue. The violet is coloured by a blue matter, which is changed to 
I red by acids, and first to green, and then to yellow by alkalies. 

Oboakic CoLOUHiNa Matteks. — Such as are soluble in water 

' ofben partake of the nature of extractive iiiatter, and although fugitive 

themselves, are capable of being combined with and fixed, or 

rendered permament, by certain has^s or ojcides which, in reference 

to this particular case, have often been termed mordunls. 

131. The circles of colours — like those in the peacock's taO — that 
appear upon pressing one corner of the eye with the finger, are pro- 
duced by exciting into vibratile action the fibrillic of the phrenological 
organ of colour, 

132. That colours are material lomMhiiyi or acting substances, as 
t before noticed, was shown by Dr. Stark (Phil. Trans. 1836), who 

demonstrated tliat dark colours retain odours more permanently than 
those of a lighter hue. 

133. Further, certain animals, especially fish and birds, rapidly 
' lose their bright hues alter death. In fact, all tinted bodies, whether 

living or dead, radiate, more or less, colouring matters ; hence their 
continued changes. But, with this difference, living objects can 

I alter, replace, or rather, create particular pigments; whilst fading, 
dead objecte have not this ability, hence their substantive tints, when 
exposed to favouring circumstances, become decomposed; or they 

I again melt and revert into their nltimate unparticled principles. 
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out of which they were originally formed or callecl into perceptible 

134. If, after hreathiog on the point of a pencfl, I apply it over 
the organ of colour, appertaining to a person in the Kieanierio sleep- 
waking state, and thereby excite a aingle fibre or nerve-loop of this 
development, the individual 30 acted upon can only diatinguish or 
become aensible of one hue — say, yellow. Now, if the apes of the 
applied instrument he moved the tenth part of a Hne from the 
locality originally touched, the patient then perceives blue alone; hnt 
if I apply a second pointed instrument to the part originally acted 
upon, the person so influenced becomes conscioua of a mixture of 
the two colours as green, and, accordingly as the stylus ia moved, so 
will the hue vary to the person manipulated. If a larger portion of 
the organ of colour be excited, as by touching it with the finger, the 
tinta become confused, or the Bomnamhule perceives a variety of 
colours. Further, when after the same manner I apply a pointed 
instrument over the organ of form, the patient perceives — say, the 
outline of a triangle, and if I place an inked pen in hia hand, he 
then only draw triangles, 

Now, if the point of the rod be slightly shifted o' 
portion of thia development, then ovals are alone depicted. Again, 
on moving the pencil to another portion of the organ of Form, and 
at the same time placing a pair of scissors in the sleeper's hand, I be- 
come surprised that the party in question can only cut out octagons, 
&c., &c. These ex]>eriments show that every fibre of the 
has a distinct office or ability, and possesses a faculty 
some distinct fnnction. If the human brain was unfolded so as to 
display its fibres aa demonstrated by Gall and Spurzheim, it \ 
be found that twenty skuUs would not hold the ravelhngs that 
be displayed. 

135. Tite effects of COloKri on diffcTent objects, displaying the 
riality of colorifie. nti/s. — Under ordinary circunwtances, saya 
Hunt, plants bend towards the light. In all my experiments 
red fluid media they have as deci'hdly hent from it. 

136. The wild and savage bufialoea found in the thickets on 
Pcestan plains are readily excited, Kke the pheaaant, by gli 
eolom-8. Thus, 3 German artist, who went to sketch the magnifi- 
cent remains of the neighbouring temples, once incurred grc>at risk 
by pulling out a red bandanna pocket-handkerchief, the sight of 
which at> infuriated these aoimaia that he was obliged to fly for 
his lite. In the Neapolitan games, a buffalaro, well mounted, and 
whosu horse is trained to turn short on his haunches, and to 
bo perfectly "in hand," undoes the long scarlet saah be 
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round hia waist, and, shaking it in the air, provokes tho 
pursue him, 

137- The hylft, or tree-frog, like the chameleon and iguana, changes 
itahues in accordance or irom sympathy with the colours of aurround- 
ing ohjecta. 

138. The pigmental layer of the akin, analagoiia to the rrie 
mJteosam in the octopods, says Mr. Owen, consists of numerous 

, ce]]a, containing coloured particles suspended in a fluid. The hue is 

I rarely the same in »U the cells ; the most constant kind generally 
corresponds more or less dosely with the tint of the inky secretion. 
In the Sepia there is a second aeries of vesicles, containing a deep 

I yellow or brownish pigment ; in the Lolvjo vulgaris there are three 
kinds of coloured vesicles — ^yellow, rose-red, and brown. In the flrto- 

I jiua vulgaris there are four kinds of sacs — red, yellow, blue, and black. 
In the skin of the Argm<aiita all the colours which have been ob- 
served in other cepbalopods are present, and contained in their 
appropriate cells. These vesicles possess the capability of rapid 
alternate contractions and eipansions, by which the pigment can 
be driven into the deeper parts of the choriura, or brought into 
contact with the semi-transparent epidermis or scurf-sldo. If the 
surface of on Octopus be slightly touched, the colour will be accumu- 
lated gradually or rapidly, like a cloud or blush, upon the irritated 
cuticle. If a portion of the skin be removed from the body and 
placed in sea-water under the microscope, the contractions of the 
vesicles may be watched for some time. Their margins are well 
defined, and they pass, during their dilatations or contractions, over 

I or under one another. The ability which the cepbalopods possess of 
changing their tint, and of harmonising it with that of tha surface 
on which they rest, is as striking and extensive as in the chameleon 
and common trout, in which it seems to be produced by a similar 
property and arrangement of pigmental ceils. 

139. The Oe^otvlce adhere to bodies by forming partial vacua 
I under their feet ; they have kidneys, but no bladder. These lizards 

put on the hues of the localities they inhabit, are very quick in their 
I movements, aud cajt perceive eljeets in the dark. All these iigly 
I reptiles are said to blister the skin by the touch. 

140. Colours, like odours and sound, occasion, through the medium 
I of the brain, distinct effects ; thus blue traiiffitiUists, yellow causes eon~ 

fution, red excites the nervous system, and acta on the spirits. 

s almost impossible to classify the numerous and dissimilar effects 

which the diversified hues of nature develop in the entire individuality 

of man, Different tints often produce strange effects on certain per- 

[ sons. The time and extent of the action of light, and the operation 



of (Hverailied colours upon the spirituiil priiiciplf, are as particularly 
measured and governed as is the circulation of the li\'ing blood or 
nervous fluid. The influence of violet ia generally soft, mellow, 
pleasing, and tranquiUisiiig ; red ia the most esciting element, and 
the lowest in beauty. The intense action of red upon the medium of 
sensation produces great, and sometimes uncontrolable. exdtement in 
susceptible minds. Some animals are infuriated, and certain indi- 
viduals are thrown into paroiyams of nerFousnesB, or deSigl; 
sudden presentation oired to their senses. Africans are passionately 
fond of this colour ; it imparts pleasurable sensations, suggests simplej 
enjoyments. It influences them to sing, after their fashion ; also to 
dance and go through a great variety of pleasing gymnastic yex^ 
formances. 

141. There was a bookseller at Augsburg, blind from birth, who 
maintained that it was not the eytt, but the nervous intellect, which 
recognised, judged, and arranged the proportion of diff'erent hues. 
This man assured bis friends that it was by means of an internal 
sense that he had precise notions of colours, and it was a fact that be 
determined their fitness with exsctness. This bookseller had a variety 
of different tinted beads, with wiieh he formed JiBsimjlar figures ; and 
the arrangement of the colours was always harmonious. He stated 
that whenever he took much pains to arrange the hues of i 
he felt a pain immediately above the eyes. The region which I hai 
indicated as the oi^an of Colour was greatly developed in this 
(Gall, vol. v., p. 63.) 

142. The electrical conducting abilities of bodies vary, and are ol 
affected by the colour of the thread, or rather the nature of the dye-sti 
by which it has been tinged. When of a brilliant white o 
character, its conducting capability is the greatest, and a hij 
yellow or a nut brown renders it the best insulator. 

Marichini and Mrs, Somerville communicated mtignelUn 
wires by exposing them to the violet rays. 

143. A plant, after it has reared its head above the surface, if it 
permitted to vegetate under the influence of the blue rays, will 
some time exhibit a luxuriant growth, and present in its earlier 81 
an appearance far superior to that of plants grown under white light. 
The leaves will be of a darker green, and altogether the plant will 
show signs of vigorous health, although it wilt be more succulent and^'' 
contain less woody fibre than under other circumstances, GardeneR^ 
employ deep blue glasses to assist in the development of roots froi 
cuttings. 

It ia found that vegetable colours are bleached, not by the 
their own character, but by those which are coniplemmiart/ to tbi 
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I Thus a rod dje fadi^s under tlie iDfltience of a green ray, and a yellow 
J beneath that of a blue one more rapidly than when exposed to rays 
I of any other colour. 

Tegetation and animals vary in colour from the base to the top of 
I mountainous countriet*. 

144, Some of the inhabitants situated iu the interior of Ceylon are 
I without the organ of Colour, and have no words to espresa this element. 
■ These people are of a diminutive stature — about four feet four inches 
1 in height. They have no rebgion, and are without the phrenological 
I organs of Memory, Number, or Order. 

145, Previously to entering further into the disquisition touching 
the qualitative materiality of light, I deem it desirable to place before 
the reader a list of the recognised elements mostly contained iu the 
earth's atmosphere : suggesting, at the same time, the presence in it 

I of other particular (though not as yet recognised because at present 
I nndemoustrable) amorphous imponderable substantive elements. I 
P shall further venture to propose the positive materiality of certain 
definite existences always persistent in the air, which at this epoch 
are generally considered to be merely the result of a series of special 
definite pulsatory conditions of motinn ; as for instance the elements 
or principles constituting sound and colour, &c. Iain further im- 
pressed to suggest that there must always be momtllditff -wliich moves 
or causes motion, and this something should partake of the properties 
essential to materiality. The most fertile imagination cannot, 1 pre- 
sume, conceive a nothingness producing effects. 

As regards the constituents of our aerial element, among other 
things mixed up vrith it will be found gravitating atomised matter 
as — 1, oxygen ; 2, nitrogen ; 3, sometimes free hydrogen ; 4, carbonic 
acid : 5, ammonia ; 6, watery and other vapours ; 7, sulphuretted, phos- 
phuretted, and carburetted hydrogen ; 8, floating animal ova ; 9, the 
seeds of certain plants and the sporules of others ; also, 10, particular 
bwtria or rod-like fungoid germs. Accompanying the above must be 
particularly noticed the motory, creating, corporeal, spiritons principles 
of — 11, light : 12, electricity ; 13, magnetism ; 14, the chemical prin- 
dple of actinism ; 15, the elements constituting colour ; 16, the matter 
by means of which sound is produced. Further ; 1 7, odorous exhala- 
tions (healthy and noxious) ; of thelatter are the miasms of intermittent 
and other forms of fever and certain contagious diseases; 18, meteoric 
magnetic iron, &c., Sec; all these, or their eff'ects, have been 
detected and demonstrated as resident in the air we breathe. But, 
added to these, there must be certain special undeveloped and con- 
sequently unatomised, and non-gravitating yet material elements, 
which iu coming time will be made evident to our perceptive faculties, 
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and their manner or mode of use shown, relative to their chief em 
pJoyroent in the formation, or materialisation of the vegetftble and 
animal kingdoms, which have produced all the later cmsta of the con- 
tinually enlarging earth, except, perhaps, the meteoric iron aerolitea 
that fall hy millions every year upon the aurfaca of our planet. 

LIGHT. 

DiasEETATiON on fie MaUrialittj of Light, or Radiant Impondera^ 
MaUer. 

146. Huygins, Euler, and Descartes thought that light consisted fli 
vibrations extending through a rare elastic medium, which fills a 
space ; while Newton considered it as resulting from the emanatiol 
of particlea of matter. from bodies. Dr. Young held to the form 
theory. 

The unduktory waves of light have been proved to move 192,000 
miles in a second, and are 8 minutes and 13 seconds (Heracbel saya 
7^ minutes) in reaching t!ie earth after being excited into vibratory 
action by the sun; whilst a projected eannon-bail, travelling at its 
usual rate, would take 20 years {Herschel says 17), and sound 14 
years and 87 days, in performing the same diatauce, 

147. Liijkt ig capable of refriietion — -that is, breaking towards the 
perpendicular — when the ray proceeds into a rarer medium, and from 
the perpendicular when the beam passes into a denser medium. A 
ray of light, then, forms a curve to reach the earth (and i 
arch according to the temperature of the difi'erent strata of the ten 
trial atmosphere), and thus we see a star before it rises. Differs 
bodies vary in their refractive ability, as hydrogen, the diamoDC 
amber, turpentine, and oils. Newton inferred from this fact that 'ti 
diamond was combustible, beca.use it refracted light like the lat6 
substances. 

148. JiefJtelion of Xtiffht. — When luminous rays arrive at the sur&ce 
of bodies, a part of them, and sometimes nearly the whole, are thrown 
back, or reflected, and the more flblitiuely the beams fall on a surface 
the greater in general is the reflected portion. In these eases t 
angle of reflection is equal to the angle of incidence. Malus, i 
discovered the polarisation of lii/ht hi/ ordinary reflection at the suriik 
of a transparent body. He found that when a beam of light i 
fleeted from the plane of such a body, at a certain mu/U, 
the same singular property wliicli is impressed upon it in 
double refraction (as when split into two by passing through Ice 
spar) and the phenomena of polarisation are in this way exhibited. 

149. Fhosphorescenre. — No heat ever accompanies phosphor 
light, nor does it produce chemical change. By the priam we d 
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the BUtoe number of coloura in a phosphorescent beam as in the sun'a 
rays. Many bodies exposed to th» solar beams give out light when 
examined in the dark, as with the flowering nasturtium. If the 
liumaa hand be held in tho sunshine for a time it will emit light after 
the esposure for some minutes in the dark. The bodies which chiefly 
display this property are th« Bolognian stone, a sulphuret of barium; 
and Canton's phosphorus, which is prepared by calcining oyster shells 
and sulphiir together. If these substances are exposed to the solar 
rays they acquire the property of sliiiiing in the dark so strongly as 
to enable the observer to read a book by them. Other sybstancea 
exhibit these phenomena, as Homberg's phosphorus, melted chloride 
of calcium, and also nitrate of lime and siilphuret of strontium, &a. 
The above results show that light is a divisible semeUiivg or radiant 
materia], and not an undulatory noihim/. This luminous ability of 
certain bodies is diminished by cold ; they are more brilliant in dry 
and warm than in cold, wet weather ; they shine moat intensely after 
exposure to direct sunshine, but some of them, especially Canton's 
phosphorus, glow in the dark after mere exposure to ordinary light. 
Some persons report that these substances can absorb and then give 
out coloured lights. 

The beams from the moon do not produce the foregoing pheno- 
mena, but burning gunpowder, a lanap, or electricity will. 

A diamond which had been placed in the solar rays, and then 
covered with black wax, was foimd to shine, several years after 
exposure, on removing the was. Chemists have exhibited, to a high 
temperature, a mixture of sulphur an d zinc, excluding every aubstance 
from which they might obtain oxygen. The two substances united, 
forming a pure sulphuret of zinc, and at the moment of combination, 
they gave out vivid light, showing this principle to be a material 
capable of combination with other bodies. 

Aristotle and Fresnel supported light to be a pure, subtile, homo- 
geneous medium, or imponderable, material ether, pervading not only 
all space, but every substance in nature. 

150. Faraday was enabled, bymea,ns of a strong electro-magnet, to 
attract rays of light as readily as if constituted of a bundle of iron 
wires. 

151. All bodies on which light falls absorb a certain part of it, 
giving an increase of energy to their distinctive undulatory quaKties, 
which are at all times escaping irom them, whether in darkness or 
light. It is this enhanced intensity of the vibratory attributes of 
substantive existences that make us, in our common state, aware, 
fVom bahit or use, of their presence through the source of vision,* 



* See the author's work oa Will-Abilltf, pp. 



2,37. 



ESBAT ON MATTBn. 

152. Q'he motor ubilily of iw/Zif,— Mr. William Crookes, T.R.S., 
suspended an ejceeedingly light lever-arm of glass to the end of a 
fibre of spun glass, 8 inches long, inside a glass tube. To each end of 
the lever-arm a diac of pith was ■fixed. As aoon as the tiibe was filled 
with air, the wannth of a linger instantly repelled the lerer-arm. 
When there was a partial vacaiini of 30 millimetres, external heat 
would not move the arm ; but on mating a very perfect vacuum, the 
lever-arm was repelled by the warmth of the finger. Light also 
attracts or defleeta the lever-arm imder like conditions. 

153. Specirosrap^.— The dark bands of Dr. Wollaston and Fraunhofer 
seen in the solar spectruin or im^e, are constantly found in the same 
position and preserve a like order and relation to each other; but 
in the light of the atars, the electric light, and that of flames, though 
similar bauds are observed in tliedr spectra, yet they are differently 
disposed ; and the spectrum of each star and each flame has a system 
of bands peouliar to itself, and characteristic of its light, which 
preserves unalterably at all times and under all circumstances. Evi 
known metal during combustion has its own particular bands, and in 
no case are the ribbon-like stripes of two metala alike in refrangibility. 
It follows, therefore, that these spectra may be made a sure test for 
the presence or absence of any particular metal, for even their salts 
yield the same bands. 

Iron, calcium, barium, magnesium, manganese, titanium, chromiui 
nickel, cobalt, hydrogen, aluminum, einc, and copper, all exist 
atmospheres of the sun, as shown by the lines on the speetri 
There are a number of dark lines produced in the solar spectrin 
which do not correspond to any known terrestrial elements. 

It has been lately demonstrated that the slightest chemical ^1 
ation in the blood betrays itself, immediately, by a correspondii 
change in the blood -spectrum, aa where poisons have been taken, 
even when a person has been killed by carburetted hydrogen (fire- 
damp). From the foregoing we may presume that light is an un- 
dulating imponderable material, which serves as a carrier, so to 
speak, of the de-afomiscd metallic elements that are found to 
print themselves on or in the optical image of the sun formed 
the screen. 

15-1. The sun, says Dr. Henry, is not the source of light. If ijj 
were not for the atmosphere, there would be neither heat nor ligl ' 
manifested iu our aerial element. This planet is a femiuiue orb, 
produces both light and heat by the agency of the sun. On the toj 
of mountains, the air is rare, aud the cold consequently intense UMtj 

* The suii iDusc be aurrounded bj an earelope holding vnriaut inetnts and 
Bubitancu in > Mate of vapour. 
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the sky very dark : furtlier iip, you would still see tho stars and llio 
sunjigbt. but perish with cold. 

155. Claudet made many eiperjments whilst furming pictures by 
reflected light, hut had not been able to discover any eaaeutial differ- 
ence between them and such as are formed by the direct raya Crom 
the Bun, His next series of e.tperiitientB regarded the photographic 
qualities of light and different colours. Blue proved to be the most able 
photographic agent, and yellow the \real(eBt. One of the most beau- 
tiful experimeota by which this was proved, consisted io throwing the 
prismatic spectrum on paper and on the silver plate, the colours being 
marked on the paper, and also remaining on the photographic plate. 

This latter result most positively proves that colours consist of un- 
atomised or imponderable material elemeuts, and can be radiated like 
the qualities of solid bodies, which are known to be capable of engrav- 

g or impinging therasnlves on sensitive surfaces. 

156. The rays of the aun call into action light and heat, illuminate 
id promote chemical decomposition and combination, magnetise 

steel, alter colours and develop them in plants, and advance many 
of their characteristic qualities, and all this mechanically, or by vibra- 
tory action. Tet, whatever be the difficulties when we suppose light 
to consist of material particles, we are compelled by its properties, to 
admit that light acts a.s if it were material, and that it enters into 
combination with bodies, in order to produce the above effects. 

Were it not for the scattered rays of light, and those of emission 
after excitation from absorption, no object would perhaps be visible 
out of direct aunahiue ; every shadow of a passing cloud must cause 
pitchy darkness, the stars would be visible all day, and every apart- 
ment into which the sun's rays had not direct admission must be 
involved in nocturnal obscurity. This scattered action in the atmos- 
phere on the solar light, is greatly increased by the irregularity of 
temperature caused by the same luminary in its different parts, which, 
during the day-time, throws it into a constant state of undulatory 
action, and by thus bringing together masses of air of unequal tem- 
peratures, produces partial reflections and refractions at their common 
boandaries, by which much light is turned aside and directed to the 
purposes of general ijlumination.^ — (Herchel's "Astronomy," p. 33.) 

157. Charncteristic! of Light and jtfenf.— Black mica, obsidium, and 
blade glass, as before stated, are nearly opaque to luminous rays, but 
they allow 90 per cent, of radiant hea.t to pass through them, whereas 
a pale green glass covered with a layer of water, or a very thin plate 
of alum, will, although perfectly transparent to light, almost entirely 
obstruct the permeation of heat-rays. From the foregoing we ar 

at the fact that Ijeat and light may be separated from each other ; 
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3 the rays of the i 
priam gives us, we shall find that tbei 
intense light and ardent heat. 

158. FaHhei- proof s that all hixliea continwiUii throw off or iindvlate 
their properties, and tkits ran image themselves on certain surfaces, both in. 
darkness and especially luheit under tJte iiifliience of light. In the Da- 
guerreotype proceaa, those parts of the iodised silver plate upon which 
the light has acted with most energy, receive, when the plate is ex- 
posed to the vaponr of mercury, the largest quantity of that vapour over 
their surfaces, and tlie gradations of Hght ttre marked very beautifully by 
the thiokneas of these mercurial films. Now, if we write with a piece 
of steatite (soap-stone) on a looking-glass, the writing is invisible 
until we breathe upon it, when it appears distinctly. If we place 
coins on a plate of glass, ^nd allow them to remain for a time in con- 
tact, although no change will be visible when they are removed, we 
may bring out beautiful images of the coins, &c., by breathing on the 
plate, or exposing it to any vapour. Further, we may first breathe 
uniformly over the whole pLite, and then write on it with any sub- 
afcance ; the characters will become visible whenever the plate is again 
brejtthed upon, and this phenomenon lasts Ibr some time. Not only 
is glass applicable to this purpose, but every other pelished body 
esbibits the same appearances ; it has been tried with metals, 
resins, wood, pasteboard, leather, &c. Even fluids may be used; 
thus, if we take a clean and still surface of mercury, hold over 
it a body, and breathe on the other parts, or what is better, breathe 
on the whole sur&ce first, and then remove the moisture by any 
gentle means, from particular parts, they will again become visible 
when breathed upon, even after several days, if the mercury remains 
nn disturbed. 

Moreover, absolute contact with the extraneous body 
$a-ni, mere juxtaposition producing similar efiects. If we hold over a- 
polished body a screen, part of which has been cut out according to 
pleasure, but without allowing it to touch, and then breathe on the 
whole, and allow the moisture to evaporate, we shall, on breathing 
it again, be enabled to diatinguiah fully the figure of the excised part%, 
and still further, it does not reqiure a polished body, inasmuch at] 
dall glass exhibits the same phenomena. These appearances werft 
produced in a great many ways. For instance, an engraved metallic 
plate was warmed, and then held for half a minute on a well-poliahed 
piece of silver foil or clean mirror plate. When these substances 
became cold, they were breathed upon, and exhibited the above meit- 
tioned aspects ia a much more peritMit manner : for not only 
the outlines of the body visible, but also the indi^ridual figures, let 
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&c., and all witb the greatest distinctness. Frequently silver or other 
metaUic surfacea were raitilo warm, and then cold bodies, variously 
cat stones, figures of horu, pasteboard, cork, coins, Ac., were allowed 
to remain ou them for some time. The phenomena were all the same ; 
thus, mercurial vapour waa found to act like the vapour of water, and 
the vapour of iodine after the manner of mercury. An iodised silver 
plate, having some of these bodies placed upon it, was introduced 
into the vapours of mercury, and then the perfect image became 
' Tisible, that is to say, Daguerr^t pinnomenon woe produced luitkDut the 
ittttrvention of light, for the eatperimeiits iucceed juM as ivdl hj niijht «j 
ly day. Moser argues from these experiments, " thrU contact is capahU 
of iTnilatiw/ the action of Ughl,"^ and he considers the following ex- 
periments to prove this clearly : a silver plate was iodised during the 
night, and even without the light of a candle ; a cut slate of agate, 
&D engraved metallic plate, a ring of horn, &c., were then laid upon 
it, and the plate was afterwards introduced into the vapours of 
mercury. A good clear picture of all the figures, of the stones, 
the letters of the plate, and of the ring was obtained. A plate 
which had been treated in the same manner was esposed to day or 
Himlight, and similar pictures were produced. Other plates of a 
like kind were placed beneath coloured glasses — yellow, red, aud vio- 
let ; under the first two only a trace of the image was evident, but 
beneath the violet it was clearly defined. Upon these experiments, 
Moeer remarks, " the violet rays continue the action eommenceil h>/ 
the foittaei." A new plate of silver was cleaned and polished, then 
a surface with various excised characters was suspended over it with- 
out touching, and the whole was esposed to the sun for some hours ; 
after the plate, which of course did not exhibit the least change, had 
been aUowed to cool, it was held over mercury heated to about 60" 
Bomer, a clear image of the screen was produced ; those parts 
where the sunlight had acted, caused the deposition of a quantity 
■of mercury. Plates of copper and glass were treated in the same 
lObanner, and with similar results. If we compare the remarkable 
&ct of the action of light upon surfeces of silver with the above- 
mentioned phenomena produced by contact, we can no longer doubt 
that light acts on all bodies, modifying them, ao that they behave dit- 
Iwently in condensing the vapours of mercury. Moser then proposes 
following general expression of the iaet : "Light acta on all bodies ; 
>(■ infiuence. may he tested by all vapourt theU adhere to the surface, 
act ehemifnUy upon it." Further " that when two bodies are suffi- 
iently apprawimated, they reciproealhj d^ict each other." 

* Light onlj giTes energy to the undulating properties alwnjB esoapiug from 
bodiei. 
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159. The galvanic action aet up by the cont-iu^t of two diBsimilar 
metftlB, and ulso the operation of heat, incites bodies to print or im- 
pinge, with different degrees of intensity, by undnlatory action, their 
properties and images on all proximate surfaces, especially when 
within, as before noticed, what has been citJled, " striking tUstance." 
These impressionable phenomena appertaining to ponderable objeotB 
have been many times noticed and described by my clairvoyants. 
These im^es, aay they, sink deeply Into al! adjacent bodies, and even 
yery frec[uently permeate them. I have very many times in my life 
requested different persons to breathe over a piece of paper or any other 
substance, and 1 have, at varying subsequent periods, presented these 
surfaces to certain seers, who separately and distinctly described, and 
sometimes named, the parties that bad breathed over the objects in 
question. In fact clairvoyants state, that everything which touches 
or even comes near another body, always, and under most circum- 
slancoa, imprints a distinct image of itself, and receives in turn a 
picture of the substantive existence it came near, or in contact with. 
These results were very erroneously supposed by Moser to be effected 
by " invisible light," and by others as produced by " latent heat.'' 
(See Section 51.) 

ItiO. Upon repeating some of the foregoing experiments of placing 
a disc upon a metal plate and breathing thereon, it is necessary, for 
the production of a good efi'ect, to use dissimiljtr metals, thus setting 
up Meloni's galvanic action. Por instance, a piece of gold or platinum 
placed on a plate of copper or silver, will make a very decided image, 
whereas copper or silver on their respective or like plates, gives but 
a very faint one, and bodies which are bad conductors of heat placed 
on good transmitters, make decidly the strongest irapreaaions when 
thus treated. 

161. Ej-pcriments with hent, or Thermoffrciphi/. On a well-polished 
copper-plate were placed a sovereign, a shilling, a large silver medal, 
and a peiLny. The plate was gently warmed by passing a apirit-lamp 
along the imder surface ; when cold, the plate was exposed to the 
vapour of mercury. Each piece had made its impression, but those 
produced by the gold and the large medal were most distinct, 
letters even being copied. 

162. With a view of ascertaining the distance from each other 
which bodies might be copied in the dark, there was placed upon 
plati? of polished copper a thick piece of plate glass, over this a a 
of metal, and several other things, each being larger than the 
beneath, TJiese were all covered by a deal box, which was an inch 
distant from the plate. The things in question were left in this 
position for the night. On exposure to the vapour of mercury, it was 
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I found that each article was copied, tlie bottom of the deal box more 
I fiiithfully than any of the others, the grain of the wood even being 
maged on the phite. 

163. M. Moser proposea that, "w& have most poBitive evidenoe 
I that all bodies are eonahmtli/ radiating sorae partioular and energetic 
L principles from their surfacea," "It is through theee emanating 
I elements that the variona prodnotiona of the spectral images in quea- 
I tion are due." (See Section 51.) 

164. My own reanlts, saya Mr. Hunt, would show, that the electro- 
9 negative metals make the most decided images upon electro-positive 
t plates, and vice versa. I have also, he continued, found that the 

electrical discbarges have the remarkable ability of restoring imprea- 
aiona which have been long obliterated from the plates by any polish- 
ing process ; proving, in a very convincing manner, that the disturb- 
ances upon which these phenomena depend are not conjiaed to the 
aw/ace of tlie metals einployed, but that a very decided molecular 
change haa been effected for a considerable depth into the mass. The 
magnetic undulations, always emanating from the load-stone, like those 
of other substances, are known to have the ability of permeating a 
table or even a wall, as perceived whilst acting, through theise inter- 

. ceptiona, upon a piece of iron situated, in the abdomen of the floating 
m, placed on the water contained in a basin ; this toy-bird iB seen 

I'to follow the movements of the magnet. 

165. If we cover a copper plate with water or oil, to the depth of 
ll-l(itU of an inch, and support, upon bits of glaas, s, medal, so that 
I'its under surface just touches the iluid, a very decided image is mado 
I upon the copper plate in a few hours. These images are partly visible 
I by the tarnishing of the plate over every part but that which ia 
I covered by the medal. "Upon pouring off the fluid, and dry-pohshing, 
I the image is rendered invisible ; but on exposing the plate to vapour, 
I it is agun brought out. 

166. "We have now seen, writes Mr. Hunt, that liglii, heat,machiiu- 
I ^idriciiy, and a voltaic current, all produce that disturbance upon the 
I surfaces, at least of solid bodies, wliieh disposes them to receive 
I vapours upon definite spaces. It will also be found that any 
ft mechanical disturbance to which the plates may bo aubjecied will act 
I in precisely the same manner as the above elements. 

107. Furt/ier touching the prismatic spectrum. Herschel showed 
lat the lai^est quantity of solar heat was manifested in the leaat 
R&angib)e rays, and particularly in beams which were not visible to 
~~i also proved that the maximum of luminous ability waa found 
a the yellow ray. Bitter demonstrated that invisible rays of great 
rangibility had a large amount of chemical energy, and Seebeck 
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pointed out that this t.endency to produce change was confined to 
theae and the blue rays. It was long the cuBtam to consider the 
prismatic apectrum as divisihle into three claaaea of rays : the red, 
or calorific heama ; the yellow, or luminous raya ; and the blue 
or chemical beams. All coloured raya maybe regarded as tinted 
liiminoug hfums, difiering in the intensity of their eftecta, but still 
distinct from the rays of light. What ia commonly called a beam of 
light consists of four distinct impoaderable material principles — as 
light, heat, colour, and chemical rays, Ac., &c. The chemical infiuence 
is not only eo-ejctenaive with the luminous rays, but it occupies a 
apace considerably beyond these beams. Sir John Hersehel distinctly 
traced the colorific energy through all the luminous rays and much 
below them. 

168. On tlie existence of colcvra in everything. — Melloni supposed 
all bodies, even a white sheet of paper, to have an invisible " chemical 
colouration." Thua we find that coloured media allow the passage of 
a larger quantity of the rays of their own particular tint than of any 
other. We also find that colourless fiuids admit the permeation of the 
chemical influences of the solar beam in very different degrees. Hence 
M. Meiloni argnes, that aecorcling to his " chemical colouration " of 
the fluid, so is its permeabOity to difl'erent raya which produce chemi- 
cal change. According to Prisnel a i>encil of aolar.rays is the union 
of an infinite number of raya of difierent refrangibility, each ray aris- 
ing from undulations of the material ether, not having the same 
velocity. Secondly, that by refracting a pencil of solar rays through 
a prism, we have the solar spectrum, wMch possesses difierent pro- 
perties on account of its diasimilar action on external bodies. (See 
article " Colour.") 

169. It is now established that the sun's rays cannot fall upon 
any body without prciducing a. molecular disturbance, or a chemical 
change. Wherever a shadow falls, a picture is impressed. It matters 
not, whether the materia! which receives the jm^ee be one of those 
chemical compounds which are so susceptible of change, or a plate of 
metal, or a. block of stone. The surfaces of all material things are 
constantly, whilst under the influences of sunshine, iindergoing a 
mysteriom' change, which ia oommunieated by molecular vibrations, 
even to the entire mass, and new conditions are established, which, 
■with all the abilities of chemistry, we cannot yet follow-. 

170. Electricity and magnetism have been found to act on photo- 
graphic papers after the manner of fight, and in this way can produce 
electrographs. 

171. The luTtiinoiity 0/ the eonimon mai/jjet. — Baron Beichenbach, 

* See Beetioiu IT and 51. 
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speaking of one of his paralytic patients (Miss M. Maix, aged 25), who 
was other\ri8e in a ofltural healthy state, rehitea that she could, when 
in the dark, perceive luminous rays— about a hand's breadth in height 
—always emanating irom the poles of large magnets. When this 
lady became attacked with spasms, the magnetic light increased moat 
extraordinarily to her eyes or perceptive faculties. She then noticed 
rays of light flowing from aJl parts of the ateel magnet, weaker than 
at the poles, but still spread universaJly over the whole horse-shoe 
m^net. Another person, a Jliaa Nowotuy, and other patients, 
recognised the same dazding brightness over the loadstone and 
different mi^netfl. Thaae ladies eaw luminous rays, not only in dark- 
ness, but in a very dim light, where objects were scarcely perceptible 
to other persons. The certainty which we poasesa that the aurora 
horealie, is formed under the influence of the magnetic polea of the 
earth, joined to the facts now revealed, that although ini-isible to eyes 
in general, coloured (eapecially white, yellow, and red) emisaiona of 
light do iaaue irom magneta, lead us to surmise that the awora is 
either actually the magnetism itself issuing from the polar ro^ons, or 
else a direct efieet of it. 

TJte undviatory properties of bodies inteiisi_fied bij simlii/M. — Baron 

Beichenbaeb continually noticed that his patients could rtjcogniae by 

tlieir feelings persons and things that had been recently expoaed to 

the Bolar rays. Thus Miss Eeichel and others, says the Baron, were 

p Jbund always to experience great increase of energy from the touch of 

■my hand aflsr I had been in the sunsiiine, which, it would appear, 

{imbued me with an ability, like that conveyed to Professor Endlicher, 

Tfhen charging tiim with magnetic fluid by passing a magnet over his 

■ Vidy — as recogniaed by Miss Kowotny. 

" After I had given up the eiperimeota with the sun's rays on Miaa 

|3Baii," continues the Baron, "the girls of her neighbourhood amuaed 

■wm selves with similar operations. When T at a future period re- 

Jtisited this lady, they told me that my patient discovered an iron key, 

Kvhich bad been laid in the sunshine for a short period, and had, 

a thought, become magnetic, resembHug the bar magnet they pos- 

Kssed. The key did not, however, attract iroo, but Miss Mail de- 

Vidared it acted on her like a magnet. The key had therefore acquired 

■ magnet-like charge from the sun. Thia property did not endure, 

but ^appeared from the key after a period." The foregoing circum- 

Btuice led the girls to Airther experimenta, with astonishing results. 

They took a horse-shoe magnet which had become very weak, and 

instoad of rubbing to streDgthen it, laid it in the aunahine, and they 

hod the pleasure to see their expectation fully confirmed. The mag- 

[tiet became so much atrengthened and magnetioaUy eSective upon the 
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patient, that whenever a magnet became weak, it was only neeeasai 
to lay it in tlio sun to restore its pristine ability. Zantedeachi's ex- 
periments were thus confirmed. 

The magnetic action of crystals and their emanating light were 
enhanced after the same manner — by exposure to the sun — as were 
the nndulatory qualities of all other bodies, as exemplified by their 
effects after being exhibited to the sunbeams. These varying results 
could be trauBiuitted like sound by means of metallic wires or through 
wooden rods, the bodies exposed to sunlight being attached at one 
end, and the other extremity placed in the hands of the Baron's 
patients. These latter results ensued when bodies were exposed* to 
the moon's rays, as perceived by Miss Reichel. 

172. Mirage. — When the sun calls into action heat over an espanse 
of sand, the layer of the atmosphere in contact with the said sand 
becomes lighter and less refracting than the air above it, consequently 
rays from a distant object strildng very obhquely on the surface of 
the heated stratum are often totally reflected npwards, producing 
images like those caused by water : hence the mirage of water in the 
desert, houses and ships in the air, &c. 

No physical ability or energy can be conveyed from one locality 
to another vrithout a ponderable or imponderable material vehicle 
Tonng supposed that the whole imiverso, including the most minute 
pores of all material bodies, whether solid, fluid, or gaseous, are filled 
with a highly elastic riiro medium of a most attennated nature, called 
ether (the unparticled or undeveloped matter of the moderns), pos- 
BBHsing the property of inertia (inactivity), but not of gravitation. 
This ether is not light, but light is manifested in it, through the ex- 
citation of luminous bodies, by means of an electric or m^netie 
vibratory movement, similar to the undulations of water, set in wave 
motion by thermal disturbed winds, &c. 

Light forms only part of the atmosphere of the sun, and extends 
throughout the ultimate elements of matter or the unatomised ether 
of the Schools, and also throughout our aerial element and the 
world's every constituent. Light does not actually travel bodily 
from the BUQ, but its emanating pulsatory effects run their course 
like waves along an excited rope. 

174. Cause of blueness of the shj.' — It is the polarisation of light 
(as when it is rendered incapable of refraction and transmission in 
certain directions) that produces the blue vault that spans the earth 
on a sunny day. 

176. Hiffiision, of licminous raijs. — Pure air, as before noticed, can- 
not scatter the light, which chiefly makes objects visible to our senses. 
This diBpersion is effected not by molecules or atoms, but throngb 
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certain particles, copiously spread throughout the air we breathe, 
This illuminated dost ia found tJ3 consist of living and dead sub- 
stancea ; for instance, there are points or fragments of straws, shreds 
of wool, cotton, and thread, the pollen of flowers, the spors of fungi, 
with hactria, and the germs of many other things, also rays of 
smoke, &c., &c. 

Eurther, the sun would appear to the inhabitants of the earth only 
as an intense light in a dark, hiack ground, if our glohe was not sur- 
rounded with the various strata of air, io which are placed clouds 
and vapours that collectively reflect and assist in scattering the light 
that extends from that great orb which divides the day from the 
night. 

The sun has probably three different strata surrounding it, one 
of which envelopes and lies in contact with its body, and is called the 
cloudy stratum; next and above this, is the luminous Kone, supposed 
to be the source of heat and light ; the third and last envelope is of a 
transparent gaseous nature. 

The Efedt of LigM on Poiulerahle Matter. 

176. The actinic or chemical rays contained in the atmosphere 
were intercepted by Mr. Hunt from certain cress seed exposed to the 
full influence of light and heat. The seed for several days showed 
no signs of germination : in fact, seeds actually placed in the dark 
sprouted earlier than those situated in the light. The remarkable 
&ct was thus developed, that the luminous principle is actually 
inimical to the excitation of ritality in seed. Many investigations 
proved that the germination of seed is more rapid under the influence 
of the actinic rays separated from the luminous ones, than it is under 
the sway of the combined radiations, or in the dark. Seed, buried 
deep, out of the sphere of actinism, and also excluded from the air, 
will not germinate. Again, seed simply strewn over the surface, 
exposed to the glare of day, is a long time sprouting, but when placed 
a little below the surface, where the luminous rays have lost their 
aWlity and the actinic energy still penetrates, and where air, moisture, 
aad warmth exist, germination goes on actively. 

177- Hydrogen and chlorine will not combine in the dark, but they 
unite, and even explode, in the light. If a solution of peroiilate of 
iron be kept in the dark, no action ensnes, but when exposed to 
light an infinite number of gaseous bubbles are seen to rise, as if 
caused by fermentation, a descending and ascending current takes 
place, and it becomes gradually yellowish, then turbid, and eventually 
precipitates as protosilate of iron, in the form of small brilliant 
crystals of a luminous yellow colour. It would appear that certain 
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bodies are capable of absorbing the actinic rays, and then behaving in 
the dark as if exposed to sunlight. Pure chlorine gas, when placed 
in the sun's rays, seems as if it absorbed the actinic principle, for 
now, when mised with hydrogen, the two unite if deposited in the 
dark, The actinic influence acts on the earth and rocks, no less than 
upon the animai and plant, Metals, glass, marble, &c., after having 
been exposed to sunshine, will, when presented to tlie action of 
mercurial Tapours, exhibit the fact that a disturbance of some kind 
has taken place upon the portions illuminated, whereas no change 
can be detected on the parts kept in the dark. 

178. Most persona must have observed the diflerenco between 
vegetables thriving in solar Hght and those which grow in obscure 
situations, or are entirely deprived of its agency. The former show 
brilliant tints ; the latter, by a process of etiolation or blanching, 
become dingy and white. In the one, the various secretions, or 
rather creations, come to perfection ; in the other, they are either 
modified or disappear, as we aee with celery cultivated for the table. 
The rosy sides of fruits depend upon exposure to the sun. Plants 
grown in the dark are not recognisable as to form, &c., until after 
exposure for a time to light. The animal creation under the influence 
of light is ec[ually evident, as seen in the dull and dingy tints of polar 
and subterranean creatures when contrasted with the gaudy and 
brighter colours of those which inhabit tropical regions. In the 
human species a due quantity of light is requisite to health. Thus 
miners are palHd and unhealthy, like the inhabitants of the alleys and 
courts of cities. 

179. Ohemical effect of LigTit.—JS a leaf is laid upon a sheet of 
ealotyjie pa.per it will take an impression in twenty to thirty minutes 
from simple exposure to moonlight, not concentrated by a lens. Home 
of the salts of gold and silver, especially their chlorides, are very 
susceptible tests of the agency of light. If a piece of paper be dipped 
in a solution of nitrate of silver and kept in the dark, it sutlers no 
apparent change ; but if exposed to Hght, it soon becomes purple, 
brown, and black, through chemical 'changes. 

Funher regarding F*yeia(M».— During certain periodical cycles, 
light excites an action in the buds of plants, thus indudng the 
circulation or flow of the sap. 

Organie tissues. — According to BerzeUus, the green colouring 
matter of plants is readily decomposed by light into three diilerent 
substances: one yellow, another blue, and a third hliick; and according 
to the proportion of these three mixed together, difl'erent Itindi^ of 
green must he produced. If a tincture of pure chlorophyl (_th6 green 
colouring matter of leaves) be exposed to the action of the son, tttiS 
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green tint becomes in a few hours converted into yellow, for decom- 
posed chloropLyl yields a blue colouring matter. Again, the influence 
of light will convert atarch into chlorophyl. Every part of an amy- 
laceous (partaking of the nature of starch) root, becomcB green on 
exposure to the lumiuoua rays. In autumn, as the green colour de- 
creases, the atarch also lessens, and fi-nally cannot be detected by the 
iodine test. If a plant which is actively transpiring and absorbing 
under sunshine be carried into a dark room, both these operationa are 
almost immediately checked, even though the surrounding tempera- 
ture be higher than that to which the plant was previously exposed. 
The influence of light upon the direction of.growing parts of plants, 
also the opening and closing of flowers, &a., is probably due to it« 
share in the operations already deta,iled ; thus the green parts of 
plants, or those which efleet the decomposition of carbonic acid — or 
rather formation or creation of carbon — -have a tendency to grow 
towards the light, whilst the roots have an equal propensity to avoid 
it. That the first direction of the sterna and roots of plants is very 
much influenced in this manner, appears from the fact that by 
reflecting light upon germinating seeds in such a manner as that it 
flhall only atriite upon them from below, the stems are caused to 
direct themselves downwards whilst the roots grow upwards. 

The sun produces freckles or brown pigment cells in exposed parts 
of the human skin. The Portuguese Jews who settled at Trunquebar 
300 years ago are as dark as the native Hindoos. The birds from 
. tropical climates lose their brighter tints in this country. If certain 
insects, which naturally inhabit dark places, be reared in an entire 
seclusion &om light, they grow up almost as colourless as plants that 
are made to vegetate under similar circumstances. The appearance 
of animalcules jn infusions of decaying organic matter, is much re- 
tarded, if the vessel be altogether secluded from light. The rapidity 
I with which the water-fleas, &c., of our pools undergo their transforms 
. tiona has been found to be much influenced by the amount of light to 
vhich they are eipoaed. If one parcel of an equal number of silk- 
worms' eggs be preserved in a dark room, and the other modicum be 
exposed to common dayhght, a much larger proportion of larva are 
hatched from the latter than from l^e former. Dr. Edwards has 
ihown, in the case of tadpoles, that if they are deprived of hght the 
growth continues, but their metamorphoses into the condition of air- 
breathing animals is arrested, and they remain in the condition of 
large todpales. Light, in conjunction with good food, promotes 
iiealtb, aasists in curing disease, and prevents deformity. 

180. Li^jfit few a jKwiiiue influence ttjmi niogt things, especially iht 
orgtmie. — The chemical changes which light causes to take place in 
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the vital principles are raany and varied. Who does not know the 
eifieaoioua effects of light upon the feelings ; of its pleasurable and 
BometimeB uncongenial action upon the nervous system, and likewise 
the spiritual principle ? The chemical ahility of luminous rays are 
wonderful. What a surprising difierence between the darkness of 
night and the liglifc of day ! When the sun arouses into action 
Nahure's every element, as he sheds abroad his inextinguishable 
effulgent light, over the mountains and valleys of creation, what 
indescribable delight, when ba-tfaed with his influence, does tha 
harmonious individual experience ! If the human spirit is deprivoi'', 
of that light which emanates from visible substances and orbs ic 
being, it will soon desert the organism and leave it to perish in tha 
dark, cold, negative conditions, or else it will struggle to maintain' 
the system in the most inharmonious and diseased state. 

181. Ve<istahle Light. — Many flowers, especially those of an orange 
colour, such as the sunflower, oriental poppy, marigold, nasturtium, 
&c,, disengage light in serene and warm summer evenings, sometimes 
in the form of sparks, and at other periods with a steadier but more 
feeble glow. Light is also emitted by certain species of fungi, 
especially those which grow in moist warm places where light is 
entirely excluded, as in the depths of mines. The light is perceived 
in all parts of the plant, but chiefly in tlie growing white shoots. 
It sometimes ceases if the vegetable bo deprived of oxygen or certain 
other constituents of the earth's atmosphere, either by being placed 
in a vessel from which the air has been exhausted, or in some other 
gas having no oxygen in it, as nitrogen, &c,, and it re-appears when 
the plant b restored to air, No natural active luminosity is perceived 
after the death of the plant. An evolution of light has also been 
observed to take place from deca-ying and dead wood of various kinck, 
particularly that of roots, and also from fungi whilst decomposing. 
This corresponds with the lumiaousness of certain animals after their 
decease. The lucidity of the nasturtium would appear to be some- 
times due to the absorption of Kght and its subsequent liberation, for 
if it be plucked during sunshine and carried into a dark room, the ej^ 
after it has reposed for a short time, will perceive the flower by a light 
emitted from its leaves. The foliage of the ceiwthera maeroearptt 
eshibits a kind of phosphoric light when the air is highly chargei 
with electricity. The fungi of the olive grounds are luminous 
night, but they exhibit no light even in darkness fhtriig the ■ 
The subterranean passages of the coal-mines near Dresden 
illuminated by the light of a peculiar fungus, the rhizomorpha 
phosphoreiis. On the leaves of the Pindoba palm a species of agaric 
grows, which is exceedingly luminous at night ; and many varieties 
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of the licbena creeping along the roofs of caverne, lend to them aa 
air of enchantment by the soft and clear light they diffuse. In a 
small cave near ralmouth this liiniinous masa is very abuodatit. A 
plimt which abounds in some of ttie jungles of the East Indies was 
sent to this country, and although dead, was remarkably luminous, 
and when living, the light which it emitted was very vivid, lighting 
up the ground for some distance— the result, no doubt, of a peculiar 
electric manifestation. A Belgian botanist reports from Nicaragua, 
that he has lateJy discovered a luminous plant which is gifted with 
the ability of giving a most energetic electric shock, especially from 
the points of its leaves. 

182. Animal Light, or the evolution of Iwminoui rays from living 
ertatures, — A large proportion of the lower elasaes of aquatic animals 
possess, in a greator or less degree, the ability of emitting light. The 
phosphorescence of the sea, which has been observed in every zone, 
liut more remarkably between the tropics, is due to this cause. When 
a vessel ploughs the sea during night, the waves, especially those in 
her wake, esHbit a diftUsed lustre, interspersed, here and there, by 
stars or ribands of more or leas brilliancy. These latter are due to 
the larger animals. This interesting phenomenon, when it occurs on 

r coasts, is chiefly produced by a globular form of these creatures, 
about the size of pins' heads, like grains of boiled sago. The light 
would seem to proceed from the nature of the mucous which covers 
them, for this, when removed, retains its properties for some time, 
and may communicate them to water or milk, rendering these fliuds, 
when they are warmed and agitated, luminous for some hours. If 
friction be applied to these animals, a fresh quantity of the secretion 
is perhaps formed, or brought into contact with air, which seems 
sometimes necessary to maintain, or call into action, this light. 
Besides the AcalepktE (so called from stinging like a nettle) which 
tenant the deep, we have many of the Pohjpifera, which are luminous 

an inferior degree, and also some of the Eckinodermata (having 
skins covered with tubercles or spicula) which are likewise phospho- 
reacent. Of the lowest class of Mollusett (from mollis, soft) — the 
Tunicata, or headless moUusks — -a very large proportion are luminous, 
especially those which float freely through the ocean, and abound in 
the Mediterranean and tropical seas. Among some of the shell- 
bearing molluscs the phenomena may also be observed, and likewise 
in the marine Amudidfs, Other oceanic animals have similar proper- 
ties ; thus the Crustacea (from enista, a hard covering), especially the 
minuter species, are known to emit light in brilliant jets. The 
luminous matter appears to be a secretion, or a creation, taking place 
on the mucous surface of these animals. 
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183. Luminoits InatcU. — These light-giving invertebrate (Hpinelem)' 
creatures are moat numeroua amoDg the Beetle tribe, and are nearly 
restricted to two femilies, ttie Elatoridte and the Lampr/ridcE (glow- 
worms). Tba former contain 30 luminous species, which are known 
aa Jire-flies. These are all natives of the warmer parts of the New 
World. Their light proceeds from two minute but brilliaut points, 
which ore situated on each side of the front of, the thorax or chest, 
and from another place beneath the hinder part of the thorax. The 
light proceeding from these points is sulficiently intense to allow 
small print to be read in the profoundeafc darkness. In San Domingo 
the natives use these insects instead of candles, and tie them to their 
feet and heads, when travelling at night, to give light to their path 
through the forest. In all the luminous species of this class, the two 
seses are equally phosphorescent. The family Lampyrida contains 
about 200 species ; the greater part of these are natives of America. 
Among the larger number, tlie luminosity is most strongly dis- 
played by the female, which is usually destitute of wings. The 
light of the glow-worm issues from the under surface of the three 
last abdominal rings. The luminous matter, which consistB of phos- 
phorescent granules, is contained in minute sacs, covered with a 
transparent horoy lid ; and this exhibits a number of flattened aur- 
feces, so contrived as to diffuse the hght in the most advantageous 
manner. The sacs are mostly composed of a close net-work of finely 
divided air-tiibee, which ramify through every part of the granular 
substance ; and it appears that the access of air through these is 
thought to be a necessary condition of the phosphorescence ; for if the 
aperture of the large trachea, or wind-pipe, which supplies the 
luminous sac be closed, the light ceases ; but if the phosphoreseei 
pouch be lifted fivam its place without injuring the trachea, the ligl 
is not interrupted. All the luminous insects appear to have tb6 
capacity of extinguishing their light. Other insects, not included la 
the above, possess luminous atilitics, as the FulgoriE (from fiilyor, 
an eff'olgence) or lantern-flies, natives of Guiana and China. One of 
our centipedes, found in dark, damp places, beneath atones, is slightly 
luminous, and the common earthworm is also said to be phospho- 
rescent at the breeding season. This light is more brilliant with 
certain insects during the period of the exercise of the reproductive 
functions than at any other, and is then exhibited by animals which 
do not manifest it at any other period. Some moths are often faintly 
luminous. Many fish have the ability of throwing out momentary 
vivid flashes of light. It not unfrt'^uently happens that an evolution 
of light takes place from the todies of animals soon after their death, 
and even before decomposition has set in. This has been moat &e- 
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quently observed to proceed from the bodies of fiaheB, mollusca, and 
other marine tribea ; and also evolved from the aurfaco of land 
animak, and even from the hmnan body. A considerable amount of 
light has often been seen to be given off from the facea of living indi- 
Tiduals who were near their end. 

The whole body of some fire-Sies ia phosphorescent, and when 
rubbed upon the human aiiin, illiuninea it. Thia fact shows that 
light can be divided into parts, and also testiflea that Jt ia a portable 
imponderable material principle, 

184. There are several of the smaller AneUids, or marine worms, 
which are brilliantly luminous when irritated, the luminosity having 
the character, however, of a succession of sparks, rather than of a 
steady glow. It appears from recent experiments, that thia peculiar 
laminoaity ia the especial attribute of tbe muscular system, and that 
it is produced with every act of tha muscular contraction in these 
animals, and may depend upon electrical agency. Luminousneas of 
tbe surface ia sometimes witnessed in disease. Thus a case is re- 
corded by Dr. Carpenter, in which a largo cancerous sore of the 
breast emitted light enough to enable the [hands on a watch-dial 
to be diatinctly seen when it was held within a few inches of the 
ulcer. 
I 185. The phosphorescence of the sea in part owes its origin to a 
countless host of infusorial animalcules, and among them are the Mami- 
mttria icintillmi^, which oilers the beautiful spectacle of, as it were, the 
fttarry firmament reflected by tbe aurlace of the sea. There are also 
lumtnotts aiheioua (fiinty) shelled infusoria, and likewise the Jight- 
flashing ciliated (hairy) animaiculea of the cuirasaed monads, the Pro- 
raeentum micans (glittering), and a species of Modfcra, chiefly found 
in the Baltic aea. The flashing of these creatures ia renewed by 
stimulatioD. Ehrenberg found in the organs of the photocans (which 
emits flashes of light either at pleasiire or when irritated or stimu- 
lated) a cellular structure with large cells and gelatinous interior, 
resembling the electric organs of the gymnotus and the torpedo. 
When the photocans ia irritated we see in each cirrus (curl) a kind- 
ling and flickering of separate sparks, which gradually increase in 
intenaity until the whole cirrus is illuminated, aud at last tho living 
Gre runs also over the back of the amaJl nereis (nymph)-like animal, 
ao that it appears under the microscope like a thread of sulphur burn.- 
iag with a greenish yellow light. In the Oi:eani<.t i^T7iauma)UhiS Aemis- 
pheriea) the number and situation of the sparks correspond exactly 
with the thickened base of the larger cirri or organs which alternate 
with them. The exhibition of this wreath of Are ia a vital act, and 
tbe whole development of light ia an organic vivifying proceaa whieh 




in tke infusoria allows itself a,e an instarjtaneous apark of light, 
is repeated after short inten-aJs of repose. According to the fo 
going feots the luminous creaturea of the ocean show the 
of a magneto-electric light-eTolving process, in other classes of anims 
besides fishes, insecta, inolhisca, and acalephfe. Further, it might be 
asked, Is fcbe secretion of the luminous fluid which is effused in some 
phosphorescent creatures, and which continues to shine foi* a time 
without auT/ further influence of the Uvhv/ animal (as exempUfied rela- 
tive to the secretion of the Lampyridis and EluUridts, or luminous 
leaping beetles, also in the German and Italian glowworm, and like- 
wise in the South American, cuouqo, whieli lives on the sugar-cane) — 
is, we repeat, this persistent luminosity a consequence of the first 
electric discharge, or is it simply dependent on chemical effects or 
resident portions of inherent light ? The shining of insects surrounded 
by air has perhaps other physiological causes than those which 
sion the luminosity of the inhabitants of the water, as 
(sea blubber), and infusoria. " In addition, the small animalcules 
the ocean, beiag surrounded by strata of salt-water, which is 
conducting fluid, must be capable of great electric tension of th( 
light-flaahiDg organs to enable tiem to shine so intensely in the 
They strike like torpedoes, gymnoti, and the tremula of the Nilei 
through the stratum of water, while electric fishes, in connection with 
the galvanic circuit, can decompose water and impart magiieti 
steel bars. The foregoing economy make it probable that it is one 
and the same process which operates in the smallest living orgi 
creatures, also in the combats of the serpent-like gymnoti, the flashi 
luminous infusoria, whicii raise the phosphorescence of the eea 
such a degree of brilliancy, as well as in the thunder-cloud, and the 
auroral, terrestrial, or polar light (silent magnetic lightnings), wliich, 
as the result of an increased tension in the interior of the globe, are 
announced for hours beforehand by the suddenly altered 
of the magnetic needle." — Hnm"boldt's " Aspects," vol. ii., p. 57. 

Sometimes we cannot, even with the highest magnifying abilif 
discern any animalcules in luminous waters, and yet, whenever 
wave strikes and breaks in foam against a solid body, a light is 
to flash. In such case the cause of the phenomenon probably 
from the light resident in or upon the decaying animal fibres, whidl 
are disseminated in immense abundance throughout the great body of 
water. If this iurainous fluid is filtered through tine and closely- 
woven cloths, these small fibres and memhranea are separated in the 
shape of shining points. After bathing in tropical seas, the naked 
body continues luminous for a time, from the shining organic particlea 
which adhere to the skiii. If a board be rubbed with a portion of th«^ 
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gektinous MeditiiB Itysoedla, the part ho treated rogains its luminosity 
on friction with a dry finger. 

The luminous property of the Lampyridm (glow-wonus) ia confined 
tn tlie terminal segments of the flattened abdomen, which differ in 
colonr from the rest, and are usually yellowish or whitish. This 
character ia peculiar to the true glow-worms, and announc^ea their 
phosphorescence. The light diffused by the Lampyriilm is of a lambent, 
electric greenish colour ; the insect can Tary or suspend its lumino- 
sity at will. The hght emitting Hegments preserve their peculiar 
property for some time alter being separated from the rest of the 
body, and manifest it even in vaem, or when immersed in gases which 
are iiot swj>porlerg of combuition. 

186. The quantity of light emitted by putrescent animal substances 
does not arise from the greater degree of decay in such bodies, as is 
commonly supposed, but, on the eontraiy, they begin to shine some 
time before any apparent signs of putrefaction take place, and the 
greater the putrescence the less the measure of light emitted. Light 
ia a chemical element, and forms part of the constituent principles of 
most bodies, particularly of marine fishes ; and it may be separated 
from them by a particular process, or bo retained and rendered per- 
manent for some time. The experiments from whence this inference 
is derived were made with pieces of heiTings, mackerel, and lining 
tadpoles immersed in solutions of Epsom, GfJauber's, and sea salts, in 
all of which a quantity of light was manifestly imparted to these saline 
inenstrua which the latter, under various circumstances, retained for a 
considerable time. These experiments prove that light is not partially, 
but wholly, incorporated with every particle of the animal substance. 
Jt ia probably the first elementary principle that escapes after the 
death of fishes ; and the putrescence is by no means promoted, but 
rather retarded, by this emission of light. Some bodies have tbe 
quality or ability of extinguishing spontaneous light when it is applied 
to them. These materials are water, both pure and impregnated with 
lime or carbonic acid, fermented liquors, ardent spirits, volatile alkalies, 
infusions, honey, &e., &c. When the spontaneous light is 
by some bodies or substnncea, it is not lost, but may be 
again revived in its former splendour by dilferent saline menstrua. 
Spontaneous light is not accompanied with any degree of sensible 
Iieat discoverable by a thermometer. Cold extinguishes spontaneous 
light, but not permanently, since the light can be revived by exposing 
the substance to a moderate degree of temperature. 

EJfecia of heal on light ivJien in a stale of spouluiuoM union. — In 
every substance there is a certain point of temperature at which it 
acquitea its maximum of lustre. This varies considerably i] '"" 
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substances. Thus fishes, rotten wood, and aqueous solutions becoi 
darit at a temperature of between 96 deg. and 110 deg., while glow- 
worms retain their lustre up to 212 deg. Common water impreg- 
nated with phospboreaceut light, when, by mero time and rest, without 
any considerable change of temperature, it had become obscure, was 
soon rendered luminous when graduaJly heated by small and succes- 
sive additions of warm ivat*r, but no sooner was boiliog fluid added 
in any considerable quantity than the luminous appearance vanished 
and was altogether extinguishecl. It was here observed that if heat 
be applied to the bottom of a tube filled with illuminated water which 
has been some time at rest, the light will descend in pboBphorescent 
streams from the top of the tube to the bottom and bo gradually 
tinguished. 

Effects of tpontaneojia lii/hi vrhtn applied to or mixed with 
substanees.~lt was found on touching the luminous matter of fishes, 
the light adhered copiously to the fingers and hands, remaining very 
lucid for some time, but then gradually disappeared ; whereas the same 
kind of matter, being applied to wood, stone, &c., at commoa tempera- 
tures, continued luminous for many hours. As to the animal iluids, 
the crassamentum or thickened part of the blood of healthy persons, 
as diu-ing inflammatory diseases, received the light of a herring, but 
did not retain it long : and when the coagulum. had been kept for some 
time, and showed marks of putrescence, the light was more quickly 
extinguished. In some instances the light was ejected in globules,, 
like quicksilver when rubbed with any unctuous substance, and 
wards adhered to the sides of the vessel in the form of a lucid 
The serum (watery part of the blood) both of healthy and disi 
persons retained the phosphorescent appearances longer than the 
crassamentum, and frequently recovered it when agitated. Urine 
(both fresh and stale) and bile showed little disposition to retain this 
light. Lastly, milk and cream, illuminated by maokerel^light, 
quired great brightness and retained it for twenty-four hours 
when either of these turned sour they contracted a very estinguisl 
property, the light in some cases vanishing almost instantaneously. 

187. The Lampyris noelUwca, or glow-worm, shines in its infant or 
larva (caterpillar) stal«, and alao in the aurelian or chrysalis condi- 
tion. The light exhaled from the full-grown animal js of a paU 
bluish-white hue, which is only emitted when the insect 
either its body or legs. In some ol the bogs of Ireland a worm ei 
which ^ves out a bright r/reen light. The CanceT" fulyeng, a speciee 
phosphorescent crab, is enabled to iJluminate its whole body, and 
emits vivid flashes of light. 

188. JPhoephoresoenoe is a rsxe phenomenon among aerial animalu 
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of the higher class. But the great AmericaTi bittern has the ability of 
emitting a light from its breast equal to the luminous rays of a torch. 
An emissioa of light takes place from the eggs of the grey lizard. The 
Stmnam frog or toad is luminous, especially in the interior of its 
mouth. 

189. Spontaneous Comhuslion. — ^Dr. M. Barry related to Dr. Car- 
penter the case of a clergyman wjio had a troubleaome sore, occasioned 
by the combustion of phoj^horua on the hand. Twice, at distinct 
interyala, this ulcer emitted a flame which burned the Burrouuding 
parts. It was particularly stated that ignition could not have been 
efieeted by any neighbouring flame. 

190. Clairyoyants perceive luminous rays always proceeding fiwrn 
the ends of the toes and fingers of different persons, and especially is 
this apparent upon the heads of living creatures. The appearance 
of this lambent light escaping from the hitman brain was seen by 
these Beers to vary as regards intensity and colour. Under disease 
it was often green and yellow, but when the subject was calm and in 
perfect health it was a beautiful blue tint. In olden times this lumi- 
nous appearance was called the glory, and was often represented as 
playing over the beads of soothsayers and saints. Many persons in 
the common state of being are capable of perceiving light emanating 
from the heads of people when they were under excitement, and also 
from various animals, especially the feline race. 

191. On reviewing some of the foregoing facts, I am incited to 
conclude that light is an imponderable tnaterial elemeid, and in 
support of this opinion I would quote the following circumstances : — 

(a.) Light resembles gravitating matter insomuch as it can be 
reflected and deflected, after contact, like a solid ball. Moreover, a 
luminous ray, similar to a strip of wood, may be split asunder, as in 
double retraction. 

(t.) Luminous matter is capable also of being divided into distinct 
portable segments, for it may be applied, lite fluids, to the surface 
of things and be perceptibly mixed up \vith gelatinous and other 
glutinous liquids, as if it were a pigment. 

(c.) Light can likewise call forth or induce motion in ponderable 
bodies, like a mechauical agent, or that of the magnet acting on the 
needle, as eiemplifled in Professor Crookes' experiments. 

(d.) Irtght can be united with certain ethereal entities, and thus 
■ids in forming compounds, as where it combines with the elements 
of electricity, actine, heat, and colour rays, &c. It thiis assists in 
constituting the so-called sunbeam. In addition it has been demon- 
Btrated that a ray of light can be distinctly separated from the fore- 
goiDg prindples. 
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(c.) Luminous matter is continually proved ti 
all ponderablB materials, as evidenced under t 
percussion, condensatioD, and combustion, &c. 

(/.) Light, like other elements, can have a being, or exist 1 
itself without even the presence of heat, as exemplified in phospli(H^ 
rescent bodies. (See "Optics," aecs. e, «, and (; and XL, Addendal 
Ai] notations.) There are many kinds of light (like there are varied 
hues and diftereat electricities, heats, and magnetic elements — see 
these principles under their different headings), all varying in 
ter as compared with each other. Thua we have^— lat, tJie simp] 
pure pencils, as found in the sunbeam and diffused light mixed t 
heat, colours, and actinic rays, and also associated with unpar 
matter and the magnetic and sonoro-electric fluids, &c. (See arti 
on " Sound,") Further, we have — 2nd, phosphorescent; 3rd, s 
4th, vegetable; 5th, electric lights, Ac, &c. By the employment rJ 
any of the above luminous rays the common eye is enabled b 
giiish objects situated in darkness. 

(if.) Persistency of coIouts, — It was assumed by Newton, am 
taught by natural philosophers, that the different hues of bodies ore 
the result of the absorption of all the colours of light except the ono 
reflected by the tinted object. I must, with all due reverence, b^ 
leave to oppose this tJieory, and shall, I think, by the following fects, 
prove the impossibility of this source of coloration. It is well known 
that many blind persons can readily detect difi'erent hues, and even 
the variations of a given tint. Again, I myself, with thousands of 
others, have known clairvoyants, when miles away from the object — 
and again if the seer was placed in the darkest of rooms — pronounco 
the hues appertaining to difterent bodies, Further, the colours of 
objects have often been pictured upon certain sensitive surfaces, both 
in and out of the presence of light. These circumstances prove that 
colours are constantly utidvlated, both in darkness and in the presence 
of h'ght from, or rather out of, the different tinted bodies that sur- 
round us. 

(A,) It is well-known to tho sensitive and capable colorist, that 
there are hundreds of different hues, and as many varying shades ; 
yet when we dissect, so to speak, or decompose \ Ta,y of light, there 
are found only three positive colours, and, according to Newton, four 
complementary hues, which form the different tinta described by this 
experimenter. But be it observed that these colours are not percep- 
tible untU the ray of light is decomposed. It might be assumed, and 
with truth, that common light merely serves to show us (by intensi- 
fying the constantly emanating undulating properties of bodies) the 
eiiisteuce of the ianate tints appertaining to the objects that aurround 
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PBELIMINAEY REMARKS. 

It is mtended throughout the forthcomiug work to ])d 
out certain novel chatactetB in regard to the mjflucnoiiig ara 
butea of Mattek — -by diaptaying througli iiacticular facta— ^ 
tniQ agency that the atomized aud nnatomized or ultra^sej 
worlds, exerciee in the eeoaomy of Nature. Added to whi 
will be an investigation into some of the more abstruse Lfl 
governing the Tarious kiuds o( Motivitf. Also an iouj^d 
touching the actiou of the Lifk-Pkinciple as it manifd 
itself, whilst goveniiug the development of the vegetable f 
animal kingdoms. Piirtliei', the Matekialitv of El.ECTWCa 
XLeat, Light, Coi^otms, aud Sound, are eoiiaidered, deiti 
strating that these principles have most of the charaoteria 
of corporaJitieB^save that of ponderability or wbight. | 
addition, will be a disquisition touching the qualitativo cam 
of Eesibtasce, aud lastly will be annotations on OedtjI 

and ASTHONOMY. 

LITERAEY NOTICES. 

Wo have been favoured witli a perusal of a portioi 
Mr. Hands' Work on "Maitkk, &c.," and can speak of it i 
most able and interesting contribution to scientific hteraim 
Tlic Modem. Physician.— May, 1879. 

Mr. Hand's Essays on Matter, Motion, Life and I 
tance, Uc, are replete with instruction and original 
ceptious of a very striking character. — Hunuin NatUri 
June 20th, 187^. 

Mr. Hauda.of Hammersmith, author of some very intaiJ 
ing works, hasnow adopted the phui originatod by Didteasi 
Thackeray, whose books were brought out in monthly inrf 
mente. Mr. Htvnda's viewra are most original and iJlustrq 
by facts, his language stimulates tho mental taste, like thai 
Kobert Burton and I/r. Johnson, and pleases whilst instmcB 
the reader. — Tlis Swsex Daily News.— June 18th, 1879, 

Mr, Hands has issacd the second (July) part of his " 
Views of Matter, Life, Motion, and Resistance." In i 
respects, this thooghtfu] aud induatrioua author has trod 
paths which are also explored by Dr. Babbitt, iii hiis ( 
work on "Light." 

These writers ar« pioneers m new (iolds of «cienj 
research, and as such, a duty falls to then- lot wliicb cat 
be attributed to a selfish tnotive, Mr. Hands is a true aui' 
and gives to his readers profound original tliought, at a p,, 
lar price, his single object auparDiitly being the educatid 
the public mind in all its inultitudiuous forms. — The iftm 
md Daybreak. July 25, 1878. ^ 
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We shall, theii, prcauuio that coloured bodies do not, in 
|hDy way, reflect the hues resident in the suubeam, but radiate 
rtlieir own ntaterial inhora tiota. It is true that most objects 
can, and do, project the coloured rays given off from certain 
flames, when thrown upon tlieii' surfaces, so often demon- 
strated in our theatres and lecture -rooms ; and hero we 
find white siurtaces appear as if dyed or painted, as they reflect 
the coloured rays thus thrown upon them, 

ft). In continuation, it is stated in the scliools, " that black 
bodies absorb all colours, and white grounds reflect them, and 
henoe their appearance to the eye;" but if the colours in 
imon hght were free or sensible to our organisation, tchite 
bodies ought to become tinted, and be also capable of reflecting 
.these said light colours, as they do those emitted during the 
combustion of certain metallised flames, in the way exemplified 
above.' 

{J), "White and black, in common parlance, are said to be 
no colours, yet white and black surfaces possess as many 
diverse characteristics, as reds, yellows, and blues, &c. More- 
over, black and wliite bodies are found to undulate their 
external distinctive qualitative appearances, after the same 
manner as the so-called tinted objects, and therefore we must 
come to the conclusion that white and black sliould be ranked 
among colours that aignaliae or belong to those bodies distin- 
goisbed as being tinted. 

In continuation. BlEUsk aubstauees are no more capable 
of absorbing, and thus anniliilating colours, than are those 
bodies that have white surfaces. Imponderable light merely 
serves to show the existence — in our general state — of the 
various hues we behold under its stimulating influence, aa it 
does the being and places of the difierent ponderable things, 
with their outlines, that everywhere meet our vision. It would, 
in one sense, be as reasonable to inuujine^&t gravitating bodies 
are developed by luminous rays, as that colours owe their 
origin to radiant hght. 

{k). Many soUd white and black bodies, where they are 
decomposed or become separated into simple forms, testify to 
the fact that different colours assisted in making up their 
corporeal characteristics, as shoivn during the analysation of 
them ; and so of a beam of light which is found to consist 
of, or be associated %vith, many imponderable elements (as 
simple luniiuoua rays, colour beams, heat, magnetism, acHii, 
eldctro-souorous principles, metallised rays, and unparticled 
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or the ultra gaseouB matter of Fi'ofesaor Crooks, &e., ice), aoms' 
of these we can detect and display by resolving— throi 
meaua of a spectnun, &c. — a beam of light into its ultima) 
constitueuts. 

(/.} Itmight, with advantage to our subject, be remembered 
that as there are many very different kinds of reds, yellows, 
blues, &e., so also there are a multitude of characteristic black 
and white sm-faces, all varying in appearance. Further, it is 
well-known that wliite fabrics can — by certain chemical pro- 
cesses^be made to assume numerous hues, which do not 
exist in or among the primary and complementary colours of 
the sunbeam. , 

{m.) A pencil of light can never be decomposed so as b^ 
display its compound colour-elements, &c., by being cast iipoH 
or simply ?*f/Iecif I? from the surfaces of bodies. To separate 
a luminous beam into its different constituents, it must be 
split, so to speak, into its various component rays, by perme- 
ating certain transparent fluids, or a clear solid substance, 
such as the diamond or a g^Iass prism, &c. This last circum- 
stance — as regards the colours in hght — most positively proves 
that the hues we recognise as appertaining to tinted things 
surrounding us, are not the result of decomposed reflected 
light. 

(».] It has often been noticed that different artificial 
naturalcoloursproduce varied strange impressions upon certain 
animals, and also affect some sensitive human beings. These 
results are likewise, at times, recognised by the blind, and also.. 
in particular diseases, and in the latter case, even in the dark, 
especially when the tint is broiight near the patient. The' 
results in question never ensue when these persons are acted 
upon by the coloiirs (perhaps from their being so attractively 
combined) resident in conmion hght. Of course, these sympa- 
thetic phenomena do not attach to colom-blind people, by 
reason that their phrenological organs, which appreciate varied 
hues, are too dimittutiva or too dormant and insentient, to.; 
measure the characteristic tints of different bodies. 

(o.) In summing up the foregoing propositions, I woul^' 
suggest the three following postulates; — Ist. White bodiesi 
reflect the luminous rays thrown upon them, and also un- 
dulate from their surfaces— with other qualities— white radia- 
tions. 2nd. Black substances likewise throw back the beams 
of light falling on them, but they, at the same time, emit, 
with other properties, then' innate dark undulations, 3rd. 
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Coloured objects also reflect the luculent rays cast upon them, 
but they, like black and white objects, radiate or throw off, 
from their exterior, with other properties, the tints that specially 
characterise them. All the above undulating emanations are 
constantly — ^whether in light or darkness — bursting from or 
out of, each distinct body, and these effluences can write their 
character on the nervous systems of animals and the life- 
principle of plants. Further, many of these pulsatory effluxes 
have been found capable of visibly depicting their bearings 
or characteristics, on sensitive surfaces or plates, and this, 
whether in the presence of light or in profound darkness. 
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DISSERTATION ON THE MATTER OF HEAT. 



192. Caloric or the matter of heat ie said by some pbili 
phers to be a higlily attenuated, imponderable subtle matei 
element, the particles of which repel each other, but are at- 
tracted by BurroundiDg bodies. The escape of caloric throu^ 
apace is called radiation of heat, and its communication by 
contact coTidiictwn. The term specific heat is apphed to the 
quantity of thermometric (heat measuring) caloric required to 
raise different substances to the same temperature. Thus ex- 
periments prove that the quantity of heat which raises ohve oil 
two degrees, will only elevate water one degree ; hence a pound 
of water at 212° may be said to contain tvrice as much heat, or 
to have double the capacity for caloric, that belongs to oil. 
"When heat changes the state or form of bodies, a large quantity 
disappears, and remains in them so long as they retain one 
form. To heat in this state of combination, and inappreciable 
by the thermometer, the term latent heat, or caloric of fiuidll ~ 
has been apphed. 

193. Materials of every kind may be considered as posi 
jng beat, which always fonns one of their constituents, so thai 
our most simple elements may, m this sense, be regarded as 
compounds, the matter of caloric pervading in a greater or 
lesser degree ; the varied substantitivo forms of which our 
aysteuiB are made sensible, Tlius, when speaking of a solid 
simple object (u-on for instance), we must regard it as consist- 
ing of metallic particles, each being surrounded with a halo or 
atmosphere of heat, and other imponderable elements, as elec- 
tricity and magnetism, &c. This condition also holds with the 
molecules of all compounds, be they solid, fluid, or gaseous. 
Moreover, the simple and compoimd atoms of each body must 
be considered as being always in motion, and rotating on their 
polar axes (governed by association through the laws that rule 
over the planetary system) , and accordingly as the revolutioa' 
increased or diminished, ao will the states or condition*' 
matter ensue, designated solids, Huids, or gases. 
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The great natural a^eut lieat can produce, in certaiK bodieB, 
expansion, fnsion, evaporation, tli&rnio- electric cniTents, and 
many physiological phenomena; or at least these results 
ftcconapany its absorption. Caloric may he unveiled or de- 
veloped artificially by any means wliicli propagate internal 
agitations to bodies— hence friction, hammering, pei-cussion, 
sudden condensation, chemica! combination, and electrical 
discharges evolve heat. 

194. Heat radiates in straight Vmea in every direction from 
bU bodies, and in tliis law of emanation it resembles light, ita 
intensity diminiehing in the same proportion as the sine of the 
angle of efBus. In addition, when bodies of different tempera- 
tures are brought near or associated T,vith each other, they will 
all be found to radiate more or less heat, until their thermal 
condition is equalized, but the emission of heat-rays, 4c., does 
not cease here, for it is one of nature's most peremptory laws, 
that nothing imponderable can be at rest. It then follovrs 
that the substances in question must continue to receive and 
give fortJi their ever motive caloric ; therefore as each object, 
in their common state, receives a like quantity of heat, and of 
the same intensity as it gave off, their calidity, according to 
circumstances, must be equal. 

When a metallic body is heated in a fire up to a certain de- 
gree, we have caloric unaccompanied by sensible light ; but in 
the lunar rays, the light that is supposed to be originally trans- 
mitted from the sun, arrives at our planet without any sensible 
heat, even when collected in the focus of a burning-glass. 
Here the reflected heat (which is always very much less in 
quantity and intensity as compared with light) is incapable of 
rousing into a sufficient state of activity the caloric always re- 
sident in the earth's atmosphere, so as to give it the energetic 
motion that the sun's rays can call forth when influencing the 
imponderable constituents of the air ; hence no doubt the de- 
ficiency of the result in question. In addition, it must be re- 
membered that heat is never reflected or ejected with the 
intensity that light is. 

(a.) As Regards Intensity.— V&o'^l^ in general are often led 
to think and calculate more concerning the quantity of matter 
in motion than the vehemency of its transit. I would there- 
fore draw their attention to the following facts : — If a twenty- 
pound ball be travelling at the rate of one mile an hour, it can 
only produce l-20th the effect that it would if projected at tlie 
speed of 2" " " '' " ' *' " 



s in the same time ; or again, if a projectile, one 
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poond in weight, be moving fweuty miles an liour, it must _ 
duce the same effect oa the body resisting its course, as wouli 
a globe of twenty pounds weight if only journeying at 
the degree of one mile in a lilce period, (See aj:ticle 
" Motion.") But to resume, not only may radient heat be col- 
lected in a focus by refraction tlu'ough a lens, but also by re- 
flection from a polished coucave mirror. Thus, if we employ a 
pair of hollow specuia or inirrors, and if a heated body be 
placed in the focus of one, and a thermometer in the focus 
of the other, the reflected heat falling onthebuJb of the instru- 
ment will cause the meraury to rise ; and conversely, a colder 
body "ivill make the column of mercury descend, for the excess 
of radiation proceeds in tliis case from the thermometer, 
or, in other words, the rays of heat — always escaping from each 
distinct body — are ever (by reason of the variation as to the 
state of their intensity) of the same temperature as that of the 
substance from which they emanated. Thus the heat-ray 
sometimes designated the "frigorific ray," escaping from ice, 
only marks 32° on the theirmometer, wliilat that from boiling 
water indicates 212°. Here, of course, the interchange of the 
varying calorific rays produces the difference, Tlie disparity 
in the degrees of the radiation of heat from bodies can easily 
be detected by means of the differential thenuometer. For 
example, accordingly as a bright tin box filled with boiling 
water be covered with varying fabrics of diflerent colours, so 
will be the amount or intensity of the caloric aJlowed to pass 
from the siu^ace of the fluid to be registered by the above 
instrument. Thus, if the tiu oase in question be enveloped with 
a dark doth, or smeared with lamp-black, it will be found to 
radiate beat moi-e rapidly, or rather of greater intensity, than 
when covered with wliite cloth or colourless point. Again, if 
the surface of the said box be scratched or roughened, it will be 
found to absorb, and also give off more readily, the rays of heat. 
than when bright and polished. Be it also noted that 
radiators are always efficient absorbers of caloric. 

195, Propagation and conduction of Iteat through i 
by amtact.- — If we take two substances, as apiece of metal 
another of wood, of the same temperature, as indicated by the 
thermometer, when these are held in the warm hand the uietal 
will feel as if colder than the wood, the heat of the hand 
being here more readily absorbed by the metal, it being the 
better conductor of caloric. Or, it we place the ends of a rod 
of copper and another of glass in a fire, and hold with tlie 
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hands tlie other extremities, the heat will be found to progress 
more rapidly through the metal than the glass. The propaga- 
tion of heat in liquids depeuds very little on communication 
by contact ; liquids are therefore heated by transposition of 
their parts. Thus, if with a blow-pipe, we apply heat to the 
bottom of a vessel containing water, in which are floating 
some smai! particles of dust, a cui-rent ^-ill he perceived of the 
warmed hquid rising from the point to which the heat has been 
applied, and another descending portion of the colder parts, 
which, being heated in t\im, rise also ; in this manner the heat 
is distributed through the whole liquid, for as the caloric ex- 
pands the particles of water whicli it firet meets, they become 
specifically lighter than the adjacent fluid, and they must 
therefore ascend by the laws of hydrostatics, while the heavier 
take their places. Little as is the conducting ability of fluids, 
that of gases is much less, as experienced in the use of double 
doors and windows to rooms. The effect of heat on gases is to 
increase proportionally their elasticity and this disturbing energy 
produces violent motions in their parts, so that the whole 
shortly acqnu-es an uuifoi-m temperature. The dilitation of 
substances by heat is nearly proportional to the increase of 
temperature, except when about to change their physical or 
chemical states ; thus, water near the freezing point expands 
"when the temperature is diminished, which is probably owing 
to the different an-angements assumed by its constituent particles 
preparatory to crystalhzation. 

196, Sources of /teai.— 1st, The sun ; 2nd, friction. In this 
operation mechanical and aomettines vital energies are opposed 
to cohesion or adhesion, &c., and heat is called forth by re- 
action. When a rough body is rubbed against another sub- 
stance having a smooth surface, the temperature of the former 
becomes greater than the latter. During the attrition of glass 
with a piece of cork, the first becomes the warmer in the pro- 
portion of 34 to 5 and gi-ound glass 40 to 7. If silver be 
rubbed with cork, the former becomes the more heated of the 
two in the ratio of 50 to 12. The Indian lights his fire by the 
attrition of pieces of wood, and we with flint and steel or the 
more modem match. In North America they warm certain 
houses by allowing running water to cause sheets of iron to 
revolve on each other. Count Eumford kept water boiling by 
boring cannon placed in this fluid. Here the earth's natural 
and constant current of electricity is called into vivid operation 
by friction, which, acting on its associated stream of heat, 
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rouses it also into energetic actiyity or motion. Now 
electricity and caloric are, like magnetism, eternally traversing 
every Bubatance In Natm-e, they, on entering the bodiea under- 
going attrition, become intensified and tben evolved from the 
apparatus under movement. The heat thus ehminated is 
taken up by the adjacent media, but the electricity excited 
forth escapes into its surroundings by conduction. The 3rd 
source of heat, is chemical action, or the operation of dissimilar 
particles or heterogeneous suhetances upon each other, accom- 
panied by a complete change of properties ; 4th, origin of 
caloric is electrical action. 5th, source of heat appertains 
to animal and vegetable life ; and lastly the various kinds 
combustion. 

197. Cold, like the word darkness, is a negative term, 
one implying the absence of heat, the other the non-presence of 
light. 

Heat changes solids into liquids and fluids into aeriform 
vapom-s, and produces espausion of bulk in all bodies ; it dilates 
BOhds least, liquids more, and gases most. Metals from the 
freezing to the boiling point of water expands thus, 350 cubic 
inches of lead become 351 ; 800 of iron expands 801 ; 1,000 of 
glass become 1,001. By the same changes of temperature 
following liquids augment, Thus 1,000 parts of water ran( 
up to 1,046 ; oil from 1.000 to 1,080; quick-silver 1 ,000 portions' 
became 1,018; and 1,000 parts of spirits of wine expand to 
1,110. But every aerifomi body, provided it be not in contact 
with a liquid, expands in the same proportion, thus 1,000 parts 
of air became 1,373 by being heated, from the freezing to 
boiling point of water. 

198. T}iermovieter3 (from tiusniios warm and mftron 
— Tlie first air thermometer was ascribed by the Dutch 
Cornelius Dribble, a peasant of AJkmaur, and by the Iti '" 
to Sanetorio in 1590. Otliers state that Galileo was 
primary inventor of this instrument. Tlie double air thi 
mometer was constnicted in 1576, and called by Jjeslia-'i 
the differential thermometer. The spirit thenuometer wUk 
invented in 1660 by the members of the Itahan Academy 
del Cimento. Quicksilver was afterwards used by Halley and 
Newton, who employed the two points of boiling and freezing 
water as the extremes by vrhich to mark out the scale on this 
instrument. Mercury would not suit for very low, nor spirita 
for high temperatures, for the latter vapourisesatSlS', but the 
former requires a heat of 600° to assume this condition. 
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Wedgewood's pyrometer (from pur fire and vieiron) was in- 
correct, because a low degree of heat after a time expelled 
the water from the clay of which it waa constituted. The 
pyrometer invented by Mr. Daniel is the best. This instru- 
ment gives the melting point of cast-iron as 2,786°, and the 
highest temperature of a good blast-furnace about 3,300°, whilst 
Mr- Wedgewood's apparatus gave 20,570° and 32,277°. 

199. Expansionand Contraction. — Thislatterpropertyorabihty 
appertairdag to metals is found to be enormous, as exemplified 
by the wheelwright in putting on the tire o£ his wheel, the 
cooper the iron hoop that is to encircle his cask. Again, the 
plates for boilers of steam engiues ai'e joined together with 
incandescent rivets, which on coohng effectually closes them. 
Expansion has taught engineers to provide for the above con- 
tingencies, when employing iron pipes, that may become 
exposed to varying heats, by allo'wing the one to slide within 
the other. South wark- bridge is known to rise one inch during 
a warm day ; the circumstances of expansion and contraction 
should be attended to when constructing buildings made of 
iron, and also by the blacksmith on shoeing a horse. It may 
be here mentioned that water expands above and below 40° and 
also when freezing. 

200. Furtlier concerning the Conduction of Heat (ase sec. 195), 
— The most dense bodies are generally the best conductors of 
caloric, and of these, metals are the most efficient— thus, gold 
represents a conducting abihty of 1,000, marble 23, porcelain 
12, fine clay 11. Gems are better conductors than glass. Aa 
regards metallic substances, some convey heat more readily than 
others, thus, gold represents 1,000, silver 973. copper 898. plati- 
Eiim 381. iron 37i, zinc 363, tin 303, lead 179. Fluids are very 
bad conductors of heat, and it has never been proved that gases 
convey caloric at all. Metals at 120° will burn the hand, but 
it will be found that we can tolerate water at 150° if the 
hand is kept still, and air at 300°, Sir 3. Banks sat in a room 
at 260°- On t!ie contrary, if the air is still, we can support a 
temperature of 55' below freezing mercury. Vapours ai-e very 
bad conductors of caloric, aa seen where water rests on the 
Bteom which separates it from the hot iron plate. 

201. Convection of Heat ffrom con with and veho to carryj 
the ability in fluids of transtnitting heat or electricity by currents. 
— Equihbrium of temperature is effected in hquids by circula- 
tion, or rapid cliange in the relatiive position of adjacent parti- 
cles, this process has been appropriately termed convECtion , 
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and is employed to warm rooms with water or hot air. Con- 
duction of caloric in some degree causes the winds and litewiae 
the land and sea breezes. It ako effects freezing and thawing'' 
of water. 

202. Heat of Composition.— k pint of water at the temperi 
ture of 100° and another at 60° give, when mixed, the mean of 75' ; 
if, however, the same measure of quicksilver at 100° he added 
to another of water at 40°, the resulting temperature of the 
two will not be 70°, or the mean, but ten lower, or 60°, so that 
the mercury will lose 40°, whereas the water only gains 20*, 
yet the latter must contain the whole caloric which the quick- 
silver has lost ; hence it appears that water has a greater 
capacity for heat than fluid mercui-y. In addition, if a measure 
of water at 100° be mixed with one of quicksilver at 40°, the 
resulting temperature wiU be 80° the water thus falling 20" de- ' 
grees, hut in this descent it will give out sufficient heat tff' 
raise the mercury 40°. Again, the specific capacity of oil' 
for caloric is only lialf that of water. Dr. Black, in 1757, 
discovered that a pound of water at 32° and another at 
212° produce a mixture of 132°, but equal weights of ice and 
water, the latter being heated up to 212°, only produced a 
temperature of 52°, the water losing 160° whilst the ice only 
gained 20°, therefore 140° were expended in changing ice into 
water; thusthia fluid, on becoming ice, must lose an equal pro- 
portion of caloric, showing that water is composed of ice and' 
heat. It is worthy of remark that those bodies which are mot " 
readilyheatedareasquicklycooled, as with qiucksilver and water. 

203. Coiideiisatiofi as a Source of Heat. — Tlus may 
nessed when mixing spirits of wine or sulphuric acid with 
water, also by suddenly compressing air, or after Jiammering 
iron or lead. As a general rule, heat is the sequent of com- 
pression and the opposite is the result relative to expansion. 
The liquefaction of all bodies requires a vast quantity of 
caloric, which in a degree becomes liidden, yet when water la 
poured on quicklime tliis fiuid becomes solid, and great heat ' 
evolved. 

204. Wlien certain fluids evaporate cold is the result, tl 
sequence enables ua to freeze them in an exhausted receiver, 
or vrith Dr. Woolastan'a cryophorus (from criias ice and phero 
— I bear), by means of this instrument water freezes in con* 
sequence of its own evaporation. 

{a.) It is foujid that water under a pressure of 50 atmi 
pheres marks 510° by the thermometer. 
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{b.) In the formation of steam there B.ve 900° of heat 
rendered latent, wliidi is made evident by passing one gallon 
of water imder the form of steam into 6^ gallons of this fluid ; 
at 32° the latter will become heated up to the boihng point 
or 912°. 

(c.) When water is converted into steam, it undergoes a 
much greater expansion of volume , than any other liquid, thus, 
one cubic foot of water forms 1,689 square feet of vapoui-, 
alcohol 493, ether 212, turpentine 192. 

(d.) Steam under very high heat and pressure does not — 
when escaping — scald the hand if held in it. This result 
ensues from the sudden expansion of the vapour, which dila- 
tation absorbs heat, but the chief cause of this sequence is its 
sudden and forcible mixture with the cold atmosphere at its 
first msh, for a large quantity of air is thus violently drawn 
along with it in its course. 

(e.) It has been proved that Liquids evaporate at all tem- 
peratures, even quicksOver from 60° and upwards, as proved 
by Faraday. ITius, he placed some mercury in the bottom 
of a glass phial, to the stopper of wliich he attached a piece 
of gold leaf, This speedily becanne white, from the amalga- 
mation of the gold with the vapour which rose from the metal. 

(f.) When a vessel of water is placed upon the fire, its tem- 
perature gradually rises to 212° then, although it remains 
upon the buruing fuel it does not become any hotter, but is 
gradually converted into steam or vapour ; so that the eflfect 
of the heat is not to elevate temperature, but to change state or 
form. Hence steam, though not more heated, as far as regards 
the thei-mometer, than boiling water, from which it emanated, 
contains a much larger quantity of caloric, and this heat again 
makes its appearance, wheu the steam is condensed or recon- 
verted into water. At whatever temperatiu^e vapour is pro- 
duced, it is simOarly constituted ; and liat which escapes from 
water in its ordinary state, by the^ process usually called spon- 
taiieotm evaporation, resembles the former in all respects ; hence 
it is, that vapourization is to surrouuding bodies a cooling pro- 
cess, and that in the converse change, or the return of the 
vapour to the liquid state, heat is evolved and rendered sensi- 
ble. Further, the ultimate processes of evaporation and con- 
densation tend to that distribution of heat over the great earth 
which serves to preserve the well-being of the organic creation. 
Heat is thus carried iu its liidden condition to the colder upper 
regions of the air, and is there given out iu its fi-ee state by the 
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condensation of tlie vapoui*, aiid upon this silent and never- 
interrupted proceBB, moatly depend upon the fluctuations of 
aerial ocean, which tend so greatly to its salubrity, and whii 
produce the variations in the barometer. 

205. Farther Touching Vajwurhation. — Gay Lussao dis- 
covered that liquids are converted more readily into vapour when 
in contact with angular and uneven surfaces, thaji when the 
anperficiea of the tilings they touched were smooth or polished. 
He also noticed that water boils at a temperature two degreea 
higher in glass than in metal utensils. This economy ensues 
from the more ready escape o£ the ever-Jtmvtng electricity from 
bodies which tei-minate in granular points or spikes. This 
ever motive fluid always regidatea the motion of heat when 
undulating, as it constantly does, out of one body inito that ot 
another. 

206. Badient Heat. — The experiments of Melloni have rei 
dered highly improbable tha.t differences exists between certai 
rays of heat, which are no doubt aiuthgotis to the variatiora' 
appertaining to colour. AltTiongh the rays of heat cannot, like 
distinct hues, at present be made evident to the sight (though 
they are to the feehngs of clajrvoyants) they may be estabhshed 
by particular physical properties and relations, just as different 
natural qualities may be found, independent of their colour, 
in the distinct rays of luminous spectra or screen images. 
Badient heat, like light, can pass through some few substant 
bat is arrested by the greater number, and also subject to 
flection, absorption, secondary radiation, and polarization^ 
Many bodies, as before observed, radiate caloric and electri- 
city, according to their rongtmeas and colour. Thus, a radiating 
surface covered with glue was equal to 80°, wliilst that of clear 
metal was only 12°. Assuming lamp-black as radiating 100, 
sealing wax will be 75, writing paper 98, crown-glass 90, 
China-mk 88, red lead 80, plumbago (black lead) 75, tarnished 
lead 45, clean lead 17, polished iron 15, tin, gold, silver and 
copper 12. ^ 

207. Leslie found that the direction of the lines by which al^ 
surface was roughened had a considerable efTect upon the ra- ' 
diating result. Thus, he scratched a bright metalho face with a 
number of lines inone direction, and found the abihty of radia- 
tion increased ; he then marked a similar surface with the 
same number of lines, half of which crossed the other at righf 
angles, and obtained a still greater effect. The energy of th*' 
projection of heat seemed here again to depend upon the nutU'^ 
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ber ol points or aiigios produced., like the escape of electricity 
from pointed bodies. Melloui ascertained by expeciinentthattlie 
differences of radiation in metallie bodies do not arise ao much 
from the disparity in the state of their faces as from changes 
in their densities. Thus he formed two vessels of pure silver, 
one of well-hammered plate, aad the other of cast metal 
slowly cooled. He then polished one side of each very highly, 
and the other he scratched with emery-paper in one direction 
only, and fllhng them both with hot water, he found that in 
the case of the pohshed surfaces the last radiated neai-ly one- 
third mora than the forged metal, showing the superiority of 
the lesser density, Sndly. He discovered that in the case of 
the scratched superficies, that not only did the hammered 
metal show an augmentation of radiating abihty of four-fifths, 
but in the iast motal there was a diminution of nearly one- 
fifth ; the latter unexpected effect arises, according to Melloni, 
from the compression of the soft surface of the cast metal by 
the action of the hard emery. 

208. That boches are continually emitting rays of heat is 
evidenced by their growing cold at night, and again by cover- 
ing the bulb of a thermometer with some good radiating 
surface, as the short white fibres of wool or cotton, then plac- 
mg it in the focus of a concave metallic mirror, and turning 
the apparatus towards the clear sky, the thermometer will fall 
■averal degrees. Agam, the formation of dew, shows that 
substances radiate caloric by their becoming cold after sunset. 
Further, pieces of ice radiate heat — falsely called cold rays — 
which can bo detected in the focus of a mirror (see sec. 194). 
Sir H. Davy found that bodies radiate three times as much in 
vacuo, as they do in the common atmosphere, as exemplified 
with ignited charcoal placed in the air-pump. This fact 
points out that caloric is one of the imponderable material 
elements of gravitating matter. 

209. Wheu hydrogen aud oxygen are burning together there 
ia little light, but intense heat, and if a convex lens be held 
before it, the radient heat which will pass through it will 
scarcely affect a delicate air- thermometer ; bat if a piece of 
solid matter, capable of resisting its action, such as a wire of 
platinum, be held iu it, radiation will immediately take place. 
A piece of lime thus presented to the flame undergoes no 
chemical change, but emits a light hke the sun, and radient heat 
is at the same time projected of sufBcient intensity to pene- 
trate the lens, and to tnflamo phoriphortia situated in its focus, 
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(a.) Colours hold an influence over radiation which effecti- 
sway decreases in the following order: black, blue, green', 
purple, red, yellow, white. 

210. Polarization of Heat. — This capability of radient caloito'' 
was first discovered by M. Berard ; it may be best produced 
with plates of mica (from mico, I shine). This elastic mineral 
occurs in lamina of different colours in granite. Professor 
Forbes has shown that heat is polarized both by reflection and 
refraction. He succeeded in depolarizing caloric, and thereby 
proved that heat possesses the property of double refraction. 

211. Expansion of Bodies by Heat.—li we heat 1,000 cubic 
inches of air froju the freezing to the boiling point of water, 
will sustain an increase in bulk of 375 parts, water 45, iron 

(a.) In regard to Unequal Expansion of Solid Substances 
Differmt Temperatures. —'Ea.ch portion of heat that enters 
body must weaken its cohesion, and therefore renders th»^ 
operation of the next portion that is introduced more effica- 
cious. 

(b.) Unequal expausiou of surfaces cracks our thick glasses 
and plates. We sometimes avail ourselves of tliis expansive 
effect of heat upon glass, in cutting ofif parts of vessels by 
causing a crack to follow tho direction of a red-hot wire traced 
upon the surface, comniou watch-glasses ai-e in this way 
cut out of a glass globe. The backs of grates and the dampers 
of flues are frequently broken in this way ; they are less lial " 
to these accidents when slightly curved. 

(c.) The expansion of glass and platinmn is nearly equi 
hence wires of that metal may be welded into fused glass with- 
out inconvenience, but not so with other metals. Iron and 
steel are less expansile than brass, thus they warp when 
joined together, one way on applying heat, and the contrary on 
being cooled. Silver and platimtm are remarkably susceptible 
of these contoiiions, and such contrivances have been applied 
to the construction of instruments for measuring changes of 
temperature, as in Breguet's thermometer, which consists of a 
very thin and narrow strip of platinum plated with silver and 
coiled into a spiral, one end of which is attached to an upright 
support, and the other to an index moving over a gi-aduated 
circle. The expansion and contraction of metals interfere 
with clocks and watches. The pendulmn, to vibrate secondst 
must always be of a given length, and should be made of iroBi 
joined to brass. 

(if). Two parts bismuth, one lead and one tin, forma 
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which at 33° expauds until it a^ttaius 111" ; it then contracts 
up to 156°, whea it has attained ita maximum density, 
occupying leBS space than at 32° ; it theu again progreaaively 
expands, its point of fusion being 201° ; during cooling it 
attains it maxiiiiiiin volume 111°. 

212. Expansion of Liquids. — This quality is perceived 
when coloured spirits of wine is introduced into a vessel with 
a glass ball and long stem, as with certain thermometers. Liquid 
eajrbonic acid is more expansile by caloric than air : when 
heated from 32° to 86°, twenty volumes of this liquid in- 
creases to 29, which dihtatiou is foar times greater than that of 
air. 

213. The Expansion of Gttses.— This capability, though 
great in amomit, the energy developed is small as compared 
with that of solids and liquids under the same circumstances, 
in consequence of their extreme elasticity. Rudbecg found 
carbonic acid, protoxide of nitrogen, and cyanogen, present 
under the same circumstances a. higher degi'ee of expansion 
than other gases. 

214. When heated copper bai-s of an oval shape rest on cold 
lead, vibrations are set up in the bars that resemble the 
sonorous pulsations of tuning forks or the .^oliau harp. This 
tact reminds us of the Memnoniau statue, which gave out sounds 
when heated by the sun's rays. 

215. Tlie above reported phenomenon is not fabulous, for 
Humboldt speaks of certain sonorous vibrations being heard to 
proceed from certain rocks on the banks of the Oronoko at sun- 
rise, which be erroneously attributes to the confined air making 
its escape from the crevices opening into the cavei-ns, where the 
difference of the internal and external temperature is consider- 
able. The French savans certify to having heard such sounds at 
Caniak, on the east bank of the Nile. (See article Sound.) 

216. Fiirtlur as regards tlie CoiidtictloH of Heat. — Different 
materials of clothing vary in their conducting ability. In 
Count Bumford's experiments relative to tliis subject, the air 
was not taken into account ; yet it is now kno^vll that the 
closer or harder we pack cotton, silk, and eiderdown, ic, the 
more rapid will be the escape of heat from them, hence the 
apparent warmth of quilted apparel, by reason of tlia intersti- 
Ual air being a bad conductor of caloric. Pure flame, as 
those of burning spu-its, are bad conductors of heat, so also arc 
clean grains of gunpowder, hence when dropping them into 
the flame of a spirit-lamp they do uot take fii^e; on the contraiy. 



1 filings iustantly bum, fomung box oxide of the metal. In 
addition, heated substances are cooled by creating currents 
over them as by radiation, Lyell mentions a glacier near the 
summit of Mount Etna that remained unmelted in con- 
sequence of its having been covered by volcamc dust, over 
which a current of lava afterwards flowed. Paper doea not 
singe rolled on metals, because they are good conductors of 
heat, but the same material rapidly scorches when forming a 
covering to wood. 

217. Capacity of Bodies for Heat, — Dulong and Petit in 
their experiments showed — as Dalton had previously ajitici- 
pated — that the specific or peculiar heat of substances in- 
creases with their temperatures, so that it requires more 
caloric to raise them to a given number of degrees when they 
are at a high than at a low temperature. When the density 
of a body is diminished, its capacity for heat is increased, and 
vice-versii, as seen in hammering metals, passing bars of iron 
through rolling mills, and stretching a piece of indiai-ubber. 
Liquids and gases when compressed give out caloric, and 
vice-versa, as seen, relative to the latter, on opening the stop- 
cock of an air-gun. Some solids rise in vapour before fusion, 
and in order to liquify them they require to be heated under 
pressure. 

It requires twenty-one times as much heat to bring ice into 
the state of water and to elevate it up to 40°, as to raise ice-cold 
water to the same point. The difference between the gain of 
tempeiatiue in the ice and the water, with equal accessions 
of caloric, is 140°, and tlms 140° is the expression of that 
quantity of thonnometric heat or temperature whicb dia- 
appears, or is rendered latent, by the separate operation of the 
liquefaction of ice ; the actual quantities of matter in the com- 
parison being the same. If we take snow at 32° and mis it 
with an equal weight of water at 172°, the snow melts and 
the mixture becomes 32°, the water losing 140°, while the 
temperature of the snow remains as at the outset of the experi- 
ment. (The fact is, that ice and snow consists of a certain 
quantity of oxygen, hydrogen, and heat, Ac, whilst water 
is compounded of oxygen, hydrogen, and a grentfr^oritoti of 
heat, &o.} Again, red-hot lead is instantly cooled down to 
the point of its fusion (612°) by the addition of a piece of solid 
lead. 

218. Beiative to the Cmu/elation of Water. — The thermometer 
remtvius stationary at 32° till the whole of the water is frozen. 
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after wliii^li tlie temperature of the ice begins to sink. Water, 
wliile congealing, is constantly imparting caloric to the Bur- 
rounding atniospliere, tor a delicate thermometer suspended 
above it is constantly affected by an ascending stream of air 
less cold than the atmosphere around. The inducement of a 
lower temperature by the liquefaction of metals, is shown by 
melting together 207 parts of leafl, 118 of tin, and 284 of bis- 
ttinth, these form on cooling a brittle alloy, which, when 
reduced to powder and dissolved in 117 portions of mercury 
at 60° produces a liquid amalgtwii which falls to 14°. Five 
parts of sal aimnoniac, 5 of nitre, and 16 of water, reduces the 
fluid from 50° to 10°. Tliere are many other freezing mix- 
tures. (See a lUt in Brand, page 69.) A solution of Glaber's 
salt when sudilenly crj'stalized gives out heat, which ia refer- 
able to a. part of the water becomiTig sohdifled, as is the case 
with water — as before noticed- — when thrown on lime. 

219. Tlic Caloric of FlitUiiij or Latent Heat.— This apjrit- 
ous material principle enters into the composition of bodies in 
certain proportions ; thus water contains 140°, sulphur 144°, 
spermaceti 145°, lead 162°, wax 175", zinc 493°, tin 500", 
"bismuth 550°, 

220. Further concerttiiuj Vapourisation. — Acubic foot of water 
iorms 1,689 of steam at 212, alcohol 493, turpentine 192. For 
practical purposes a cubic inch of water may be said to form 
a. cubic foot of steam, which is lighter than air, being 
as 625 to 1,000. The vapour of alcohol, turpentine, and ether 
is heavier than the atmosphere. Fogs and clouds is vapour in 
vesicles ; if the former consisted of drops, however small, they 
would fail to the earth through gravity. Saussure saw the 
above vesicles on tlie Alps as lo-rge as peas. It has been 
tioticed that the uatm'e of the vessel often influences the boiling 
or vapourizing point of water, thus in a glass flask it is high 
and UTegular, but upon throwing in a few metaUic filings, &c., 
the boiling point falls to its standard. Water boils on Mont 
Blanc at 187°, and the sea level at 212°. This fluid can be 
made to re-boil by pouring cold water on a ilask with a stop- 
cock in which ebullition has just ceased, from condensing its 
contained vapour, but the boiling again ceases on holding the 
flask near the fire. The temperature of steam is the same 
generally as that of the liquid producing it, hence the high 
heat of steam generated under pressure, 

221. Temperature is merely a relative term, for we may 
ourselves in a heated medium so high, that red-hot iron 
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would radiate cold rays ; or ji^aiii, in a temperature so lol 
that ice ■would eject rays of beat. 

(a.) Lowing has aucceaded iu Bolidifyiug spirits of wine at 
144° below zero. 

(b.) Different kiruls of Catorie. — From Melloui's experi- 
ments he suggested that as there are varieties of light charac- 
terized by being mixed with varied colours, so there are differ- 
ent IfiTi da of radieat heat, depemleitt upon the sources whence 
it emanates, (c.) Rayeof light which havepassed.through blue 
glass will be transmitted more readily througli a second blue 
vitrioua substance than thi'ough one of a different colour, and 
calorific rays which have permeated water will pass more 
readily through a secontl stratum of this fluid tliau through 
other ■ Hquida, otherwise more diathermanona. Hence it 
follows that comparatively little additional heat is absorbed 
either by increasing the number or thickness of screens of tlie 
same material, (d.j All heated bodies placed in an enclosed 
space aBstiine in time tlie temperature of the enclosure. 

222. Additional Facts as regards Expansion. — It has been 
proved that Kinc is the most espansile of metals ; it dilates 
nearly fomr times more than platinum from the same heat ; 
but ice, of which the contraction by cold as been observed from 
30° to 40° under tiie freezing point, prove to be more dilatible 
even than the metals; tlie rate of expansion of this solid 
being in the proportion of l-267th, while the srinc is l-323rd 
part, only. Professor Mitocherlicli has discovered that 
the angles of some crystals are aflected by changes of tempera- 
ture. This proves that some solids in the cryatalliue form do 
not expand uniformly, bub more in one direction than another, 
and wliiie one crystal is dilating in length by lieat, it may be 
actually contracting at the same time in another dimension. 
The same kind of glass dilates more when in the form of a solid 
rod than in that of a tube. Solids expand at an accelerated 
rate, particularly when heated up to near then- fusing points. 
Liquids are progressively more espansile at liigher than at 
lower temperatures. 

223. Groliam states that bodies at different temperatures 
emit different specie of ra-ys of heat, which may be sifted or 
Beparated from each other by passing them through certain 
transpai-eut media. They may be all emitted simul taneouaiy, and 
in different proportions, by flame; but lieat from aoureesof lower 
intensity, some of them a,re always absent. The calorific taya 
from the sun are chiefly of tlie kind which pass through glara; 
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but Melloiii allows that tliu other specius are uot altogether 
wanting. The rays of heat emittedfromtheorbofday.andother 
luminoua bodies, are quite different from those of the light with 
which they are accompanied. Prevost, of Geneva, has proved 
that bodies radiate caloric at all times and temperatures ; it is 
owing to this economy that dcwia formed — from the cooling of 
the earth by radiation. Heat, in its passage through a bar of 
iron, is probably radiated from particle to particle. Dr. Black 
taught that metals owe their malleabOity and ductility to a 
quantity of interstitial latent caloric, or rather heat of compo- 
sition combined with them. "When hammered they become 
hot from the disengagement of this caloric, and at the same 
time brittle, showing a change in their constituents. The 
malleability of these bodies is restored by re-heating them in a 
furnace. The diamorpliiam, or tliat property to assume two 
different crystalline forms, may likewise depend upon the re- 
tention of a certain quantity of caloric of composition by the 
body in the one foi-m, and not in the other. Thus sulphur 
aeaumes two features, one on cooling from a state of fusion by 
iieat, another in crystallizing at a lower temperature, and pro- 
itably with the retention of less constituent iieat of composition 
;'Vrh6n formed from a solution of sulphuret of carbon. 

224. Materiality of Caloric. — Eveiythiug relating to the 
Absorption of heat suggests tlie idea of its substantial or im- 
jK)nderable material existence, for caloric, unlike one of the 
«!haracteristic8 of hght, is never extinguished when it falls upon 
» body, but is either reflected and may be further traced, or is 
Wibaorbed and accumulated in the substance it impinges upon, 
nnd may again be derived from that substance without loss. 
3ut the mechanical phenomena of heat, which resemble those 
of light, may be explained with equal if not greater advantage 
l>y assuming that it has an nndulatory character, correspond- 
ing to that of light. Heat, hke the spirituous matter of sound, 
can be brought to a focus in a pair of conjugate mirrors. In 
adopting the material property of caloric we are under the 
necessity of assmning that there are different kinds of heat, 
flome of which are capable of passing through glass, such as 
the heat of the sun, while others. Like that radiating from the 
hand, are, from want of intensity, entirely intercepted by glass. 
But, on the nndulatory law, tlie dissimilar properties of caloric 
are referred todifferences in the sine, or rather physical energy, 
of the waves as the variations of colour are accounted for 
when mixed up or iucoiiiorated with light. Heat of the 
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kighei* degrees of intensity, liowever, admit ot a kind of de- 
gradation or conversion into caloric of a lower energy, to 
which we liave nothing appturently parallel in the case of the 
material principal of light. Thns, when the calorific raye 
brouglit into action by the sun, which are of the highest 
intensity, pass through glass and strike a black waU, they are 
absorbed, and appear immediately afterwards radiating from 
the heated wall, as rays of a low intensity or less energy which 
are no longer capable of passing through glass. It is as yet an 
imsolved problem to reverse the order of this change, and con- 
vert heat o£ a low ability into caloric of a high intensity. Tlie 
BEune degradation of heat or loss of energy is observed in 
condensing steam in the process of distillation. Tlie whole 
heat of the steam, both latent and sensible, is transferred, 
without loss in that operation, to perliaps fifteen times as mudi 
condensing water, but the intensity of the heat is rendered 
from SIS"^ to perhaps 100°. The caloric is not lost, for the 
fifteen parts of water at 100° are capable of melting as mucli 
ice as the original steam. But by no qnantity of this heat at 
100° can tlie temperature be raised above that degi-ee ; no 
means are known of giving it intensity. 

225, Heat Bendered Energetic by Pressme.- — If heat of low 
tone is ever changed into caloric of high intensity, it is in the 
compression of gaseous bodies by mechanical means. Let 
steam of half the tension of tlie atmosphere, produced at 
180°, in a space otherwise vacuous, be rendered into half its 
volume, by doubling the pressure upon it, its temperature will 
rise to 212°. If the compression be again doubled, the tem- 
pei-ature will become 250°, and the whole heat or caloric of.j 
composition of the steam will now possess that high intensity. ' 
When air itself is rapidly compressed in a syringe, a remarkable 
conversion of caloric of low into lieat of very high intensity 
is the result, or, in other words, the heat before compression 
was diffused through a larger space, and by condensation the 
diluted caloric, so to speak, became concentrated, and, of course, 
more effective or energetic. 

236. FurDicr concei~n.ing Heat, tlie Result of Friction. — It 
may be imagined that the elevation of temperature produced 
by the friction of hard bodies upon each other has a similar 
origin to the foregoing, and that the results from the conver- 
sion of heat of low intensity, wliich the bodies rubbed together 
possess, into heat of a high energy. But it would be neces- 
sary again to suppose that a supply of caloric of low inteusity 
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to tlie bodies mbbed can be endlessly kept up, by cotidiietion 
or radiation from conti^ons bodies, as there is certainly nn 
limit to tliB production of heat by means of friction, as expori- 
enced in Count Eumford's esperiiiieiits. Davy succeeded in 
melting two pieces of ice in the Tacuum of an air-pump, by 
making them rub against each other, while the temperature 
of the air-pump itself and the aurrounding atmosphere was 
below 32°. Mr. Haldot observed that when the surface of 
the rubber was rough, only half as much heat appeared as 
when the rubber was smooth. Wlien the pressure of the 
rubber was quadrupled, the proportion of caloric evolved was 
sevenfold. When the rubbing apparatus was siurrounded by 
bad conductors of heat, or by non-conductors of electricity, the 
quantity of heat evolved was diminished. According to Pictet, 
a piece of brass nibbed with a fragment of cedar-wood pro- 
duced more heat than when rubbed with another piece of 
metal, by reason of their good conductibUity. The eUmination 
of heat was still greater when two pieces of wood were rubbed 
together. Ho also found that solids alone produce heat by 
attrition upon each other. No caloric seems to arise from the 
friction of one liquid upou another, or a fluid upon a solid, 
nor the friction of a current of air or gas upon a liquid or 
solid. 

227, Repulsion of Bodies by Heat. — A repulsive ability in 
heated bodies is inferred to exist from the appearance of 
extreme mobility which many fine powders assume, such as 
precipitated silica, on being heated nearly to redness. Pro- 
fessor Forbes also attributes to such a repulsion the vibrations 
which take place between metals unequally heated, and like- 
wise the production of tones. But this repulsive sway was 
rendered conspicuous, and even measurable, by Dr. Powel, in 
the ease of glass leaves, of very slight convexity, pressed 
together. On the application of heat, a separation of the 
glasses, though extremely small, bnt finite spaces, was indicated 
by a change in the tints which appeared between the lenses 
and which depended for their development upon the thickness 
of the included portions of air. This repulsion between heated 
surfaces appears to be promoted by whatever tends to the more 
rapid communication of lieat. 

228. Fortiiation of Dew. — Wool placed upon a metal will 
acquire much less dew than an equal quantity laid upon grass 
in the immediate vicinity, and conversely, bodies on which 
the metals are deposited have an influence on the quantity of 
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dew whicli the hitter will attract. The metak do not all resist 
the fonnatiou of dew w-itli the same ability. Thus Dr. Wells 
one night saw platinum distinctly dewed, while gold, silver, 
copper, and tin, though similarly situated, were entii'ely dry, 
and he several times peraeived these four metals free fcoin 
daw, whilst iron, steel, zinc, and lead were covered with it. 
Wool and swan's-down is from 10° to 15° of lower temperature 
than the air at night. When the sky is cloudy the grass is 
often 12° higher than the air. lu a fine morning the thermo- 
meter is often 55° iu the air, whilst the grass is 38°, sunflower 
36°, cabbage 34°, hoary geranium 30°, and covered with hoar 
frost ; thus the upper strata of aii' adjacent to the earth will 
be warmer than the lower. Fogs increase in the valley because 
the atmosphere is more tranyuil. Grass and low shrubs are 
covered with dew more than trees ; substances which are good 
conductora of electricity, do not collect the dew, but uon- 
Conductoi-8 do, and ai-e covered witli ice on a frosty morning, 
as is glass, and wool, &c. Bodies that become cold through 
radiation coudeuaes the warmer damp air smTOunding them, 
and thus is squeezed out its contained moisture, like water 
is derived from a moist sponge wheu compressed. It is sup- 
posed by people in general that the dew falls from the air or 
rises out of the earth ; had either of these processes obtained, 
all things would have been covered equally with moisture, 
which is not the case ; each separate object becomes bedewed 
according to its rathating abihty or capacity of becoming cool. 
229. Meteoiohf/i/. — Heat increases tlie elastic ability of air, 
and hence the equihbrium of a mass of the atmosphere un- 
equally heated is constantly disturbed. The currents of warm 
and cold air change places, the cold atuiosphere moi-ing to the 
warmer region, and thence, when heated, repeating the course 
of the previous warm air. The unequal distribution of caloric in 
the atmosphere is a maiu source of the velocities and direction 
of winds, and consequently of the distribution of chmate ; but on 
the other hand, the earth itself having its own apportionment 
of heat, reacts on the atmosphere aud produces dew. In like 
manner the sea and the polar fields of ice materially affect the 
general distribution of caloric. With respect to the heat of iha 
external stratum of the earth, it is principally dependent on the 
radiation, or rather the exciting influence of the sun on the 
local heat, the intensity of the effect of which is contingent on 
the duration, also on the obliquity of the solar rays, botli of 
which are depeudeut on the declination of tlie suu and the 
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latitmie of tlui place. 'Jlie iiiteKriiJ or tottil tnkeii throughout 
the year rests therefore solely ou the latitudes; from this 
integral the calculated meau temperature is derived, but differs 
in most cases from the observed, inaamuc}! as the propagation 
of heat in the sea and air affects equally those places in the 
same parallel -whifih are near to or distaut from the coasts, 
and the unequal quantity of continent in tlie northern and 
Boutliem hemispheres produces a similiar result to them. By 
clearing a country of woods and marshes we increase its tem- 
perature. The heat on any point on the surface of the earth 
varies from hour to hour with the rotation of the globular 
mass on its axis, day by day and from season to season, 
with its revolution round the sun, and fi-om year to year wltli 
any change in the dimensions or form of the earth's orbit. 

230. The thermometer rises one degi-ee for every 15 yards 
we descend from the level of the sea towards the centre of the 
earth. 

231. The earth, if it was not for the antagonistic ability of 
heat, electricity and magnetism, &c., might be compressed into 
the space of a common room, and its density be unimaginable, 

232. If a cubic inch of water in the form of steam at a tem- 
perature of 212° be introduced in the same vessel with 5J cubic 
inches of water at the temperature of 32°, the steam wil] be 
immediately converted into water, and the ice cold fluid will 
be raised to 212°, and there wiU be found in the vessel 6J- cubic 
inches of water at 212°, Thus while the steam, in resuming 
the liquid form, has lost none of its temperature, it has never- 
theless given up as much heat aa has raised 6^ cubic inches of 
the water from 32° to 212°, It is therefore demonstrated that 
this quantity of caloric was actuaUy in the steam, and it was its 
presence there, in the latent or compositional state, accom- 
panied with electricity, &c., that conferred upon the water — in 
tlio form of steam— the property of elasticity ; this quality of 
elasticity is the result of condensed caloric, &c., which can react 
upon depressed bodies, like a spring on the compressed atmos- 
phere in an air gun. Steam cannot be condensed into water, 
you by this process only raise its temperature ; to convert it 
into fluid it must be cooled, bnt here only a portion of the 
eteani, adequate to the cold, is condensed, since you cannot 
cool steam below 212" without converting it into water or its 
vapour. 

233. The surface of the solid body of the sun is. no doubt, as 
temperate as that of the globe we inhabit, and it maybe peopled 
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witli a race of giants, wliase niusculai- ability may enable them 
to overcome its great attractive influence. The generation of 
the sensible beat of the sun's atmosphere and the aerial element 
of the earth, must be from electrical and magnetic excite- 

a. If light and caloric, &a., emanated from the sun and stars, 
they must collect or be deposited somewhere, and the solar 
and astral bodies would hourly grow less influential, and the 
planets exposed to the dominance or deposition of these im- 
ponderable material elements, must in time become endowed 
with a temperature that ■^vould preclude the existence of 
animal and vegetable life, and also crystalline form. 

h. If we could be tmasported to a thstant locahty above tlie 
earth's atmosphere we must cease to live, and also becorna 
ligidly torjiid, from being exposed to imimaginable cold 
from the absence of any heat rays. This circumstance would 
prove that Hgbt and caloric, itc, are alone resident in the 
atmospheres which envelope the solar and planetary systems. 

c. Oui- nearer approach to the sun produces no sensible 
difference relative to warmth, as recognized during the early 
spring and fall, when we are millions of miles nearer the orb of 
day than at the liiidsuiiimer solstice. 

d. All that we know as regards the production of heat tends 
to show, that by no process which can take place in or upon, 
this earth or elsewhere can it be created; it has ever had 
will continue to have a perpetual subsistence. 

e. The process of conibtistion, percuasiou, friction, 
chemical action, merely evolve the caloric that was, previously- 
to these operations, latent or hidden, and originally formed 
part of the bodies acted upon. Further, the caloric of 
position must have been originally derived from other sonrci 
since heat, hght and electricity have had an eternal persistent 
being unaltei-able save iu character, quantity, and intensity. 

234. To the influence of heat is cliiefly due the endtei 
variety of the forms and developments that spread over ai 
beautify the sm-face of the globe we inhabit. Neither the dry] 
land nor the waters of the earth, or the air which enwraps i1 
could exist as they now are, iu the absence of caloric. Will 
out heat the atmosphere we breathe would harden into 
which would envelope the world and entomb all that 
it. Heat is the parent and tlie nurse of the endless varieties 
organization. The vegetable and animal kingdoms and 
the mineral world are its ofbprings. Every imaginable obji 
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that call affect our senses in prodiicBcl through its agency, and 
ia maintained by its influence. Withdraw heat from our 
Butroundings, and instantly all niotiou audeven form and con- 
aequeatly everytliing that heautiiies life, would cease to have a 
being, aad shapeleas, stagnant chaos would everywhere prevail. 
All gaBea must become sohdifieil by the abstraction of their 
caloric, and hydrogen, the lightest among them, would no doubt 
become a metal. The Greeks were right when they pro- 
pounded that fire was the external and visible fonn of heat ; 
they regarded caloric as the cause of vitality and the diapoaer 
of every organized or unorganized condition of matter, Dr. 
Hope observes, tliat heat is a long chain — both ends out of 
sight — of which we can appreciate but a few links. 

335. Inflmnce of t}ie Sunbeam. — The in\'isible rays (which 
are those of heat) and not the sun's perceptible undulations 
(whieli are pencils of hght) produce the caloriSc ability and 
accomplish the melting of the mountain snows and the evapo- 
ration of the seas and inland waters. These fluids absorb and 
filter away the dark rays or those of heat, from the beams of 
light, as exemplified by Professor Tyndal, when he passed the 
rays from the electric lamp through a narrow glass trough 
fiUed with water, and then brought them to an intensely 
brilhant focus. The rays thus filtered still contained sufficient 
heat to set tire to brown paper, but hoar frost was not touched 
by them, because being transparent or pemous to these rays it 
letmauyof therapass through w-ithoutabsoi-ption. TheProfessor 
first set fire to brown paper in the focus and then placed a flask 
covered with hoar frost in tlie same focus, biit the snow 
remained unmelted. Then he stopped all the visible rays for 
those of light) by tlie interposition of a glass trough filled with 
a solution of iodine in bisulphate of carbon, a solution which is 
transparent to the invisible rays (or those of heat). He next 
removed the trough of water. This allowed the invisible rays 
to pass on to the focus, whilst the visible rays (or those of 
light) were cut off by the solution of iodine. When the flask 
coated with hoar frost was placed in the dai-k focus, the heat 
(thus concentrated and intensified) at once melted it from the 
surface, wherever the glass was brought into the centre of 
action. 

a. The above experiments prove that the sunbeam, whose 
constituents exist in the air we breathe, is made up of at least 
two distinct elements ; the one cousistmg of rays of heat, the 
Other of luminous beams. On projecting these imponderable 
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principles thioiigh the daik taolution it intercepted tha^ 
element of light and thus concenU ated and of course in- 
tensified the heat ra'vs hv which process they were rendered 
capahle of melting the hoai frost It should he taken into 
consideration as regards the brown paper and snow, that the 
former is very uifiammable and the latter not at all. Further, 
the crystals of ice contain ten times less heat of composition 
than the paper, hence this tissue can he readily excited into 
igneous action, and the more readily from being imbued with 
very ignitible hitnminons materials. In continuation, Professor 
Tyndai now proceeded to explain the process of expansion of 
the atmospheric currents in the tropics, and the origin of the" 
overwhelming torrents which follow when the heated air is 
afterwards chilled and condensed, and how these currents 
flow in the upper regions from the Equator towai-ds the PoloiJ^ 
Thus, the village of CacMrciveen, in Ireland, is often delug< 
by showers of rain, because the mountains behind It so fi 
quently condense the wann winds from the Atlantic, v 
are charged with vapour. The nature of clouds, observe: 
Professor, maybe compared to the white mist issuing from tl 
spout of a kettle. Steam or water-gas is perfectly invisible, 
and it is only when the vapour is precipitated by cooling into 
a multitude of miaute drops of water which float in the air that 
the cloud is produced, which is often erroneously called steam. 
Tlie vapour which issues from the chimney of a railway engine 
is invisible at the mouth of the fmmel, but a few inches higher 
up it is cooled into a cloud. By raising the temperature of a 
cloud it can be re-converted into steam or vapour. 

236. Bttrninij Glasses. — Buffon melted small steel bars in 
five minutes, and set fire to wood 200 feet distant, and tin was 
fused at 150 and lead at 140 feet from the apparatus. The 
ability of the action of burning glasses become lessened as we 
ascend in the atmosphere, as noticed when using them on 
very high mountains, as the Himalayas in the north of India, 
which are some of them upwards of five miles in altitude. 

237. By allowing a smaU jet of steam to pass into our fires 
we should prevent smoke, by causing it to be consumed, in- 
crease the heat, and save 33 per cent of coal. The blacksmith 
exemphfies tliis fact by vapourising tlie water he applies to his 
forge fire. 

238. Contraction of ATeinis. ^Mercury, milike water, in 
freezing, contracts enormously. It is found that most metals 
undergo sudden condensation whilst progressing from thefiuid 
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to the aoiid state, except cdst iron, bismutli. and autimony, 
all of which espaud. A metal which contracts when passing 
from the hquid to tlie solid state cannot be made to take the 
shape of a mould, hence our coinage is stamped. Metals that 
dilate on cooling take impressious with great precision. 

239. The eggs of certain animals are hatched at almost any 
temperatm-e ; thus some are fruitful from 104", 45°, and even 
down to 13' F. The cold that kills animals does not affect 
their eggs. Light, unlike caloric, acts unfavourably in the 
hatching of ova. The heat that may kill one plant or animal 
will he neceaaary to the econonny of another, as seen among 

■ the plants of the polea and tropics. In the hot springs near 
a river in Louisiana, confenue (river weeds) grow at 122° and 
145° F. 

240. Bep/ihion.- — Heat maintaina such a repellent energy, 
that fluids cannot touch a liighly heated body. If the volatile 
substance iodine be put into a glowing hot capsule, it resolves 
itself immediately into a spheroid. Potash readily combines vvith 
iodine, but if a piece of this alkah ia throvm upon the iodine 
situated in the capsule, it also takes the globular form, and 
both bodies revolve independently of each other, their chemical 
atSnities being entirely suspended ; but allow the capsule to 
cool, and they then combine immediately. Heat here gives 
rise, iu one sense, to motion that overcomes chemical action, 
and prevents the usual development of ita ability. Like 
electricity, it subjugates the quality of gravitation. This last 
property of ponderable juattet- ia also checked or destroyed 
when two bodies iu motion violently strike each other, and 
recoil after contact. Be it obsei-ved that this rebouuding takes 
place at the moment when tlie two bodies iu question, by 
approximation, ought to be at the acme of then- attractive 
ability ; this repulsive achievement ia the reault of an electro- 
magnetic re-action (aee article on Motion). 'When sulphurous 
acid is put into a red hot platinum crucible, it is repelled by 
theiucandeacent pot, and gathers into a spheroid. On adding 
water to this acid it brings it into contact vrith the heated 
vessel, and then the acid instantly flashes off, and the water 
becomes a lump of solid ice. 

241. Adilenda (a) Vaporous Expansion. — Eoger Bacon, bom 
in Somersetshire in 1214, first described the application of 
steam ability. The French ascribe the practical use of the 
principles of vaporous expansion to Solomon de Gaus, of 
Frankfort, in 1615. 
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StMm Engine.— To Hero, of Alexandria, 284 b.c. is attri- 
btited tile ieolopile, which, although a toy, posBesses the pro- 
perties of the steam engine. The first locomotive engine was 
invented by Murdoch, 1784. He was a native of Eedruth, in 
Cornwall, and Trevethick, also of Cornwall, was the first that 
worked a locomotive on a railway, which was effected at 
Merther Tydvil in WaleE, 1804. and this paved the way for the 
onbsequent success of Timothy Hartwortli and George Steven- 
son. 

Steam Navigation. — Blasco de Garay. a Spanish captain, in 
lfi43 had made and afterwards exei'ciaed a sleam vessel in the 
port of Barcelona, but afterwards laid it aside owing to the 
bigotry of a certain imperial officer. Patrick Miller and 
W. Symington, in 1787, are reported to have constructed a 
steam boat that travelled four miles an hour. Symington, 
1790, made a passage on the Porth and Clyde canal. Fulton's 
steam boat, Clermont, was exhibited on the Seine. August 9th, 
1803 ; he also started a steam vessel on the river Hudson, 
America, in 1807. 

h. It has been found that the presence of air in the water of 
the boiler prevents the steam from exploding. 

c. Salt water has no maximum of density so long as it re- 
mains fluid, and even when ice begins to form in it, the resi- 
dual fluid-part always increases in density in proportion to the 
degree of refrigeration. 

d. Nine cubic inches of water become ten by freezing. 
, In France, the engineers found that on boring 1700 feet. 

Ihey obtained water of 100° F. 

' /. Encke's comet contracts when approaching the sun, and 
~ ' as it leaves this luminary. This fact proves that heat 

does not emanate from the suu. 

g. Air in expanding in vacuo, does not consume heat — in fact 1 
there is no caloric to be couBumed, the matter of heat whilst^ 
forming the vacuum bad been extracted. 

A. The luminous focus will be a little further from the 
mirror than that of light. 

t. Melloni found that white lead absorbed heat as quickly as 
lamp black. Tyudal thinks that the dye stufTs have a great 
effect in the absorption of heat, in relation to the qualities of 
colours. Tliis (act of the varjing combination of caloric vrith 
different tints, points out that the principles forming or pro- J 
ducing them owe their existence andquahties to imponderablsl 
matter. 
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J. Heat like light may bu rtlltictuJ, can undergo double re- 
fraction, be absorbed, and even polarized. 

k. Glass permits light to pass freely through it, biit stops for 
the greater part the heat, whilst rock-salt allows the calorific 
rays to permeate it freely. Thus rock-salt suffers 92 portions 
of heat to pass through it, glass 63, alum 12, sulphate of 
copper (0). 

/. People have been known to bear a heat of 350° F. 

m. Water lias a much greater capacity for heat than oil, and 
is consequently longer cooling. 

n. Probably 10 to 15 per cent of the heat radiated from the 
earth is absorbed within 10 or 20 feet of its surface. 

0. Cast iron fuses at 2,000°, the temperature of the oxyhy- 
drogen flame is 6,000°. 

p. Snow absorbs heat faster than black cloth, and some 
white bodies radiate caloric more readily than black, and vice 

q. The railway bars between London and Manchester are 
sometimes 500 feet longer in summer than winter. 

r. Heat is transmitted tlurough wood with a velocity almost 
twice as great along the fibres as across them. 

s. It would appear that no perceptible interval takes place 
between the time at which caloric quitted a heated body, and 
its receptjou by the thermometer. 

t. Notliing but lava escapes from volcanoes, none of the 
exuviiB resemble the ingredients making up the rocks; Ac, 
found in the different strata of the earth, showing that heat, 
Ac., has either transposed the constituents of out globe, orthat 
these volcanoes are very local. 

u. The transmission of heat through a vacuum is another 
proof that caloric is a material element. 



242. FiavK (German Jlaiiitiie). — When the temperature of 
ignitible gaeea or vapours ia raised very high and they conae iu 
contact with air, they are said to burst into flame; but, if pre- 
viously mixed with a due proportion of oxygeu or oonuuon air 
before ignition, then they explode. In the former case the 
combustion only goes on at the surface which touches the 
atmosphere and is quiet and gradual ; but in the latter, every 
particle of the inflammable body beuig surrounded with the 
supporter of combustion, the inflammation extends instantane- 
ously through the whole mass. The flame of the candle, &c., 
presents a hollow cone, the heat and light of which are con- 
fined to its exterior surface. A transverse section of acch a 
flame exhibits a tliin ring of light surromidiiig a central unin- 
flamed core : the inflammable gas may be drawn by means of 
a tube, out of the central portion of the non-luminous part of 
the said flame, and can be lit as it escapes at the other ex- i 
tremity of the cawDula. A flame may be extremely hot, with- \ 
out being proportionately luminous, as is the case with the 
flame of hydrogen, which is scarcely visible in daylight, but the 
heat of which is shown by introducing into it a line piece of 
platinum wire, wliich instantly becomes white hot, and then 
emits abundance of hght. The luminosity of all flames is of a 
similar origin, and depends upon solid matter ignited and ren- 
dered incandescent by the heat of the flame : thus if magnesia 
or lime in fine powder be projected into the flame of hydrogen, 
the luminosity of the blaze is inmiediately increased, Finely 
divided charcoal is the substance to which all common flames 
owe their luminosity. This material is derived from the hydro- 
carbon produced by the decomposition of oil, wax, tallow, Ac., I 
and also contained in coal gas ; but, as charcoal, unlike mag^'l 
nesia and lime, is itself combustible, it not only renders tha ' 
blaze luminous, but is burned in the act of so doing, passing 
ofi', in a well regulated and perfect flame, under the invisible 
form of cai'bonic acid gas. When flames ore cooled, they 
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are at the saine time cliniiiiislied or extiaguished ; hence a 
flame cannot be made to traverse or recede througli a metallic 
tube of smallbore ; and thus aflame may, as it were, be bisected 
by » piece of wire gauze held transversely across it : in which 
case, the smoke, gas, or vapour a.iid charcoal go through, but 
not hot enough to inflame, having been cooled down by their 
passage through the metallic ineshes ; but by applying a blaze 
to the smoke thus produced, it may be again kindled. In this 
way the upper portion of the flame may be burned, while the 
ignition of the lower half is prevented by the interposed cool- 
ing medium. 

243. Ignition ami Incandescence. — These qualities express a 
property which bodies possess of giving out liglit at a certain 
point. The quantity of light thus emitted mostly increases 
with their temperature, at lirst it is dim and feeble, then dingi/ 
red. red-}tol, cherry-red, orange, or yellow, and lastly white-hot. 
Incipient luminosity in a dark place is about 810°, a dull red 
visible in daylight 1000°, a full red is 1,200", orange heat, 
1,700", and white 3,000°, and that of a wind furnace 3,300°. 

It is doubtful if pui'e gaseous matter, under any circums- 
staucBS, is susceptible of becoming luminous ; ("showing that 
heat and light are two distiiict material elements] yet it may 
be so hot as to ignite solid bodies. The hrUhancy of the voltaic 
discharge, is owing to volatihzed carbon. Burning phosphorus 
is very brilliant, and the phosphoric acid produced, if conducted 
into the flame of alcohol or of hydi'ogeu, increases tlieir lumi- 
nosity. When the quantity of burning charcoal is too large, 
the flame smokes, or gathers in flakes. Whwi coal-gas is poor, 
its brilliancy in buruing can be increased by passing it through 
naptba. Flames to be efl'ectual should resemble the light pro- 
duced or excited into action by the sun, and like it, consists of 
a due admixture of the primary coloitra. 

244. The influence o£ light of one colour upon external 
objects is seen, by viewing them through coloured glasses, or 
more perfectly by illuminating them by a monochromatic (one 
coloured) flame. We obtain an effect of this kind by a lamp 
fed with spirits of wine, burning in a wick impregnated vrith 
oommon salt, and which, as it produces httle else tlian a yellow 
light has been called a monochromatic lamp. This fiame causes 
red sealing-wax to appear as if yellow, and red morocco looks 
black, and so also do the brilliant blue of smalt and ultra- 

This result shows that colours like ponderable matter 
e capable of being reflected back after striking upon bodies, 
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in the saiue way that projected Bolids rebouiid from the sarit 
they may liave been propelled against. But to resume, 
common candle the wax and -tallow is drawn, after being 
melted, into the biimirg wick, and is there converted into 
vapour, which ascends in the form of a conical column, and 
has its temperature sufficiently elevated to cause it to combine 
with the oxygen of the air, at a temperatura equivalent to 
white heat. But this combustion, as before noticed, is very 
superficial, the flame being only a thin film of white hot vapour, 
enclosing an interior portion, which cannot burn for -want of 
oxygen ; this is shown by bringing down a piece of glass upon 
the flame, a ring of light may then be observed surrounding the 
interior dark part of the cone. In the middle of this flame we 
can place gunpowder or phosphorus and they will not inflame. 
We often see a red heat in the fire, but it is not hot enough to 
inflame the gaa there presBut, as seen by being able to light it 
with a piece of paper, or by stirring the tire, thus admitting 
oxygen. The continued glow of the wick after the light is 
blown out, shows again combustion going on without flame. 
It is ill consequence of the structure of flame, that we so 
matei-iaUy increase its heat, by propelling a current of air 
through it by the blow-pipe. When spirits of wine is burnt with- 
flame in the usual way, carboiiic acid and water are the products 
• of its combustion ; butwheii consmnediui(JtoM( jfa»je, aswitha 
heated spiral coil of fine platinum wire, it produces aldehydic 
and acetic acids. Flame, as before stated, will only pass through 
apertures of a certain calibre ; this result ensues from the cool- 
ing abihty of the wire-gauze being an excellent conductor and 
radiator of heat, and hence was employed by Davy in the 
construction of his safety-lamp, as now used by miners. 
Difierent substances when flaming emit dissimilai' colours. 
Thus sulphur and carbonic oxide bui'n blue, wax ^eltow, and 
cyanogen lilac. WTiat are the chemical conditions that deter- 
mine these differences ? We turn aside the flame of a candle 
by means of a blow-pipe, and a blue cone appears: why does it 
shine with a blue light ? All eommou flames are incandescent 
shells, the interior of which are dark, and the relative quantity 
of light emitted depends on the temporary disengagement (^ 
solid particles. 

245. Some chemists assert that the light emitted by flames 
is due to electric discharges ; others regard light and heat as 
material bodies, wliich can be incoi-porated or uniteil to pon- 
derable substances, anil that they may be disengaged as 
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cheniica! changes onsiie. it 13 known that different sub- 
stances eniit hght of iliaaimiiai- colours. Various facts tend 
perhaps to prove that all chemical combiaatious are attended 
by rapid vibratory motion of the parts of the combining 
bodies, which vibrations become more frequent according to 
the intensity of chemical action. The quantity of the emitted 
light, as respects its colour, depending, like musical notes, on 
the frequency that the vibrations ai'e accomplished, increas- 
ing in refraagibility as the \-iolenee of the chemicaJ action 
becomes greater. The several parts of all material bodies are in 
a state of incessant vibration : that which we call temperature 
may then depend on the frequency or rather intensity and 
amplitude of those vibrations conjointly. If by any process, 
as by chemical agencies, we increase the foregoing to be- 
tween 400 and 800 bilUona of undulations in a second, ignition 
or combustion results. In the case of the former of these 
numbers the temperature is 977' F. ; at this heat the waves 
propagated in the ether produce red hght. This also is the 
temperature of the innennost shell of a flame. If the fre- 
quency of the vibrations still increases, the heat correspond- 
ingly rises, and the light successively becomes orange, yellow, 
green, blue, &c., and this condition obtains perhaps in the 
successive strata of a flame, as we pass from the interior to 
its esterior superficies. Tlie intensity of the radiations from 
flames becomes then diminished when brought near cold 
bodies, whether aerial or solid; the burning matter becomes 
chilled and consequently less intense. 

2i6. The flaming light etnitted Jrom magnets ; as recognized 
by my own clairvoyants, and Baron. Reichenbach's -patients. — Tlie 
flaming hght always waving over the magnetic poles of a bar- 
magnet, flickers and forms various curved and changing hues. 
It was observed that when the ends of a magnet were turned 
downwards the flame descended in the identical shape in which 
it flowed upward when reversed, and also extended laterally 
when directed sideways ; if blown upon it behaved like any 
other flame, and when sohd bodies were brought near, it was 
seen to curve round them. If a large glass lens was brought 
□ear the end of the magnet, the flame apphed itself to it 
exactly in the same manner as happens when a sheet of glass 
IB placed over the flame of a candle to blacken it. If the hand 
was held over the magnet, the flame passed between the 
lingers. It follows/ram the foregoing, tluit the magnetic flame is 
evidently either itself something whclly material, or }ias suck for 
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a siihstratiivi. Misa Beicliel, one of the Baron's patients, ( 
mark the exact distance to which the magnetic flame spread 
over the table on which the bar-magnet lay, and it was found 
to extend to 19 iucbea. {Rekhinbach p. 28, 9.) 

247. It is to mutual chemical action we must refer combus- 
tion, and not call one or the other supporters of igneous action. 
Gases will not become luminous, as before noticed, by them- 
selves, as seen in the liot air above the flame Ju a lamp-glass. 
There must be something to excite energetic action, as seen on 
introducing certain powdered bodies into the heated atmos- 
phere in question. If there is not enough carbon in the Same 
of a caudle, you get a blue light, and if there be too much a 
smoky flame is the result. Here the hydrogen of the burning 
substance first takes fire and lets fall the carbon, which 
brightens the light. We then of course want a solid body and 
another thing, heat, to produce a perfect flame, and we can 
accomplish this by igniting lime with a mixture of oxygen and 
hydrogen ; during this experiment, no doubt part of the lime 
is thrown into a state of vapour. It should be stated that 
there is but a very small portion of the lime consumed. The 
flame thus produced is intensely hot and forms a perfect 
spectrum. The chief reason why a clear flame deposits a black 
mark on touching a cold bo<ly, is that the burning vapour is 
robbed of that heat which was necessary to form carbonic acid. 
Coal-gas has often too much hydrogen and too little carbon in 
it, hence the flame assumes a dull character, and the gas is 
said to be poor. 

248. Addenda (a). — The shape of the Qame, during the com- 
bustion of gases depends upon the heated air rushing upwards, 
and further the supply of hot vapour diminishes as the flame 
ascends, aud eventually fails, hence ihe blaze of a candla 
gradually tapers to a point and then ceases altogether. 

(b). When phosphorus is exposed to the action of common 
air, a kind of combustion taJies place, and the smoke produced 
is found to be phosphorous acid, but when this substance is 
quickly burnt, phosphoric acid is the result. Here we have 
two different products, the sequence of a vai-ying degree in the j 
intensity of action. 

(c). If the grains of gunpowder did not ignite progressiTeH 
the cannon when discharged must burst, as would be the oai 
if detonating powder, Ac, were employed. 

(d). The flashes produced in tlie burning torches c 
stage, is effected by throwing the pollen or seeds of lyoopodiUi 
(club moss) into the flame. 
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(e). When tapered pieces o£ charcoal are fixed to the poles 
of a large battery and brought near each other, the light pro- 
dnced by the approximation is so intense that all the elemen- 
tary atoma in the air seem to be excited, as if by the light of 
the sun, and bodies placed within tlie stream are ilistantly 
melted, vitrified, dispersed, or decomposed. This stream of heat 
and light being quite independent of other bodies in its lateral 
proximity; of course the brilliancy and intensity take place 
even in a vacuum, or in nitrogen and clilorine gases, &.C., and 
also in water, alcohol, and oils, &c. 

{f). When the flame of a caudle is placed between a positive 
and negative surface, it is urged towards the latter, but if the 
flame of phoBphonie be substituted for that of the candle, it 
takes an opposite direction, and now tends to the positive 
pole. It has been noticed that inflammable bodies are always 
attracted by negative surfaces, and acid bodies and those in 
which the supporters of combustion prevail, are abducted by 
positive surfaces. Hence the flame of the candle throwing ofi 
carbon is directed to the negative, while that of phosphorus 
forming acid matter, goes to the positive pole, consistently 
with the ordinary laws of electro chemical attraction. 

249. Combustion.— Ihii term is generally appUed to the 
phenomena exhibited by burning bodies, and which depend 
upon the rapid union of the combustible with oxygen and 
other gases. If a lighted taper be introduced into oxygen gas, 
it is very rapidly consumed with intense ignition and enlarge- 
ment of the flame ; and if it be previously blown out, so that 
the wick continues glowing, it im mediately biirsts into flarne 
when plunged into the jar containing this gas. Sulphur which 
burns in couunon air with a small blue light, baa its flame 
enlarged when emerged in a jar of oxygen, and the blaze is of 
a beautiful pui-ple colom% dissolving, as it were, in tlie oxygen, 
and converting it into sulphurous acid gas, which becomes 
absorbed by water. Phosphorus, when inflamed in the atmos- 
phere, burns with a bright light, but it consumed in oxygen, 
the eye can scarcely bear its brilHaucy, and the heat which it 
evolves is very intense. Metals, when finely divided, bum 
with great intensity in oxygen ; but their common oxidization 
is a slow process of combustion. It was once thought, be- 
cause steam consisted of oxygen and hydrogen, that it would 
in burning produce great heat ; bat on trying it in too large a 
quantity, it extinguished the fire. It is generally stated that 
oxygen is a supporter of combustion ; but tliis is merely a 
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relative term, for many inflaminable bodies support com- 
bustion, as wlien you bum siilphtir on red-bot iron. Again, if 
our atmosphere was coal-yas, then this, at present igiiitible 
air, would be said to support com.buHtion. further, in using 
the flint and steel, you merely knock off pieces of iron wliich 
become incandescent as they pass through the air, after their 
electrical frictional application. If it was not for the form of 
iron and lead, they would be the most inflammable bodies in 
nature. According to the temperature at which you unite 
oxygen with phosphorus and certain metals, you get different 
acids of the one and oxides of the other. The presence of a 
piece of platinum in a mixture of oxygen and hydrogen wUl 
cause them to burn and form water. Gunpowder gives out 
heat and light, whilst passing from a solid into a gaseous state, 
as do fulminating bodies ; yet according to the theory of latent 
heat, cold ought to be the result. The rapidity of action has 
often much to do relative to the effects of combustion. Thus 
If you roll out a piece of the metal potassium, it becomes 
white and heated ; but if tLe action is cliemically increased by 
putting this substance into water, we get both flame and 
hght. 

250. Eremactmsis (deconnposition) is the gradual combina- 
tion of the combustible elements of bodies with the oxygen of 
the air. It is, in fact, a process identical with combustion, 
but not attended, in most cases, with sensible development of 
heat and light. This process is constantly going on in ignitibb 
bodies exposed to the action ot the atmosphere, and one of the 
first changes which takes place during decomposition of animal 
and vegetable substances is the unison of one or more of their 
combustible elements with oxygen, or its ultimate principles. 
The change of the elements ot wood into the substance called 
humos (earth or soil), the formation of vinegar from alcohol ex- 
posed to the air, &c., depends upon eremacausis. The changes 
in colour, consiatence, and other properties which vegetable 
juices, sawdust, leaves ot trees, &.C., undergo, when exposed to 
the atmosphere, are owing to the same cause. These changes 
do not take place when water is excluded, or when subatancea 
are at a temperature of 32", all bodies requiring a certain 
amount of beat to enable them to combine with oxygen. It 
has been observed that, although nitrogen itself does not 
directly unite with oxygen, substances possessing nitrogen 
as one of their constituents, are subject In the higliest degi'ee 
to this process. Eremacausis differs from fermentation an4 
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putrefaction from the fact that they cannot take place without 
the access of the atmoaphere, through which means the oxygen 
is Bupphed to the decaying hody. AJthough the terms putre- 
faction and fermentation are generally applied, the first to 
decomposing suhstances emitting odorous gases, and the second 
to decompositions emitting inodorous airs, it will be found that 
these processes ai'e essentially the same, putrefaction going on 
in bodies containing nitrogen ; fermentation in substances with- 
out this gas. Although it is not tmcommon for fermentation 
and putrefaction to be regarded as processes whicli may go on in 
bodies independent of external agents, yet in all cases erema- 
causismusttake place previouslyto any decompositionin organic 
substances. The juices of fruit, or any other parts of a plant, 
which very readily undergo decomposition, retain their proper- 
ties unchanged so long as they are protected from immediate 
contact with the air ; that is, as long as tlie cells or organs in 
which they are contained resist the influence of the atmos- 
phere. It is not until after the juices have been exposed to 
the air and have absorbed a certain quantity of oxygen, &c., 
that the substances dissolved in them begin to be decomposed. 
The juice of grapes, which were expressed under the receiver 
filled with quicksilver, so that the atmosphere was completely 
excluded, did not ferment ; but if the smallest possible portion 
of air was admitted, fermentation immediately began. A re- 
markable and important fact with regard to this process is, 
that when this condition of intestine motion is once excited, 
the presence of oxygen is no longer necessary. The smallest 
particle of a body containing nitrogen gas in the act of decom- 
position, communicates the same state to the atoms in contact 
with it. and tlie whole mass thus becomes influenced by the first 
oxygenated, or otherwise impregnated, molecule. If the atmos- 
phere be excluded niter this process has commenced, the fer- 
mentation or putrefaction proceeds uninterruptedly to its 
coraptetion. It is thus that a single particle of vegetable 
matter in a state of eramacausis will cause, by contact with 
other substances, fermentation aTid putrefaction, and upon 
this fact depends the necessity of adding yeast, or some other 
ferment, to saccharine solutions before fermentation wOl pro- 
perly take place. 

251. Expansion and Contraction.— This property is one of 
the most conunon and obvious effects of heat, which dilates 
or enlarges the bulk of eveiy form of matter. Among solids 
the metals are the most expansile and contractile by heat 
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aud cold. Tile expansibility o£ different liquirh varies. ThuB 
ether and aicohol are more expansile thau water, and the 
latter more than mercury. Water iuateB^ of eonthming to 
contract like other fluids, expands, and actually rises in the 
tube unto it congeals. In this ease, the expansion above and 
below 40° seems to he equal ; so that water will exhibit the 
same bulk at 40° and at 32°. This is a wise economy of 
nature, for if water, like other fluids, went on increasing in 
density until it fi-oze, tlie consequence would be that large 
bodies of water, instead of only being superficially frozen in 
winter, woidd he converted throughout into solid masses of 
ice, which the summer heat would never melt, and all life 
would become extinct. The earth being in winter warmer than 
the air, the heat is witlidrawn from the surface by the cold 
breezes, and the whole body of water has its heat lowered at 
40°, which is the point of greatest density, and a temperature 
perfectly congenial to fish and most other aquatic ajiimals. 
The cold now continues to operate upon the surface of the 
water, but instead of diminishing its hulk, and rendering it 
heavier than the warmer water beneath, it expands and renders 
it lighter ; ao that under these circumstances a stratum of ice- 
cold-water (at 32°) will be found lying upon the mass of warmer 
water beneath it (at 40°). The retardation to the freezing of 
water will be proportioned to its depth that has to be cooled ; 
and hence some very deep basuis, or lakes, are scarcely ever 
covered vrith ice. Aeriform bodies aud vapours are the most 
. expansible forms of matter, and, unlike other bodies, they are 
all found to dilate and contract alike. 

252. The capabihty of expansion is often employed in 
mechanics, as where the engineer brings the leaning walls of 
buildings into the perpendicular ; by first heating the bars of 
iron, and then, after fixing, allowing tliemto cool. This quality 
of expansion and consequent contraction after the application 
of heat, must be attended to iu constructing iron bridges, 
shoeing horses, and particulajly when making astronomical 
instruments. The expansile abihty of water when freezing 
can burst a cannon and split the rock. 

(a.) Helatiue to form. — A solid glass rod expands more than 
when the same is made into a tube. Agaiu, by giving a curve 
to the cast-iron plates, we prevent then.- ciacking on their 
surfaces being exposed to variable temperatures. All bodies 
are more expansile at high than low temperatures. 

(6.) Spirits of wine is six times more expansile by heaA 
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than mercury ; fluid carbonic aeiil is more dilatible than air ; 
thus, heated from 32" to 86°, twenty volnmea of this liquid 
increases to tw^enty-ujne, which measure oE expansion is four 
times greater than can be produced in air by the same change 
of temperature. Alcohol and bisnlphuret of carbon, in the 
amount of their expansion by heat, although each of these 
hquids has a peculiar temperature at which it boils, " alcohol 
at 173°, sulplmret of carbon at 116"," still the rates of expan- 
sion from the addition, and also contraction from the loss of 
heat, are found to be uniformly the same in these two liquids, 
compared at the same distance fi-om their respective boiling 
points. 

(c.) Water may be cooled to 20° below the freezing point, in 
the fluid fonn, and still continue to expand, and the same when 
heated above iO". 

((?,) Bose's fusible metal, formed of two parts by weight of 
bismuth, one lead and one tin, expands up to 111"; it then 
contracts up to 156°, where it attains its masimum density, 
occupying less space than it does at the freezing point of 
water. It afterwards expands up to, and melts at, 201°, 

(«.) The most espansiblt; bodies known are hquid carbonic 
acid, sulphurous acid, iodide and chloride of nitrogen, one 
grain of which latter is equal to a barrel of gunpowder. 

{/.I In France, where mill-stoues aije made, they cut portions 
of the rocks into cylinders several feet high, and then chisel 
grooves round them, and afterwards insert pieces of wood, 
which latter on being made wet, expand and separate 
the cylindrical portions of stone into pieces of the desired 
thickness. 

(g.) Bum ford, with 28 grains of gunpowder confined in a 
cylindrical space which it just tilled, tore asunder, by expan- 
sible ability, a piece of iron, wliich would have resisted a strain 
of 400,000 lbs. 

(A.) The ability with which bodies dilate is equal to that 
with which they would resist compression. 
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253. There is always an evident relation between 

quantity of oxygen or its ultimate constituents consumed 
an animal, and the amount of carbonic-acid produced (tha 
latter being usually less than the former). From this economy 
8. greater or less proportion of heat la prodnced. It would 
appear that a greater analogy exists between the principal 
phenomena of respiration and those of the combustion of car- 
bon, and this agreement in the results leads, in one sense, to 
the belief that the causes of both are simUar if not the same. 
It was at one time snpposed that the oxygen of the inspired 
air combined in the lungs with the carbon brought there in 
the blood, and thus produced the carbonic acid which was 
expired, occasioning at the same tinae a development of heat. 
But this theory ia inconsistent with experiment, for it haa been 
proved that the carboaic acid is not formed in the lungs, but 
that it is brought to them in the venous blood by the pulmon- 
aj^ artery, and that the office of the respiratory organs, is to 
disengage or get rid of it, while they at the same time absorb 
oxygen into the arterial blood. It is known that venous blood 
contains a great amount of carbonic acid, introduced into it by 
the capillary fhair-like) blood vessels of the general system, 
and the arterial blood is largely pervaded by oxygen, whitdk. 
latter it receives in the lungs and through the skin, both 
which give out carbonic acid. If frogs or snails, ic, be oc 
Sued in nitrogen or hydrogen gases, they will continue for a 
I long time to give off nearly as much carbonic acid, aa they 
I would have done in common air, thus proving that this acid is 
not formed in the lungs and skin by the union of carbon with 
the oxygen of the air, brought into them by the venous blood, 
since there was no carbonic acid present where these animals 
were confined. This fact shows that the carbonic acid gas 
evolved must have been created by the natural economy of tba 
confined creatures. Further, the quantity.of oxygen token in 
and carbonic acid given out by the body, bears mostly % 
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regular proportion to the amoiiiit of muscular exertion made 
use of by an animal. The oxygen combiuea with part of the 
materiftla set free from tlie muscles and system during their 
action, and forms carbonic acid, which is carried off by the 
lungB, skin, and raucous membranes, Ac, of the organization. 
The only class of animals in wliich a constantly elevated tem- 
perature is kept up, are birds and mammalia. The bodily heat 
of the former varies from 100° to 112°, the first being tlmt of 
the gull, the last that of the swallow. The lower the tempera- 
ture of the air around, the greater is the ability of animals to 
generate heat within their bodies. In health the human tem- 
perature never sinks below 95°, but in asthma and cholera it 
has been known to fall to 20° below its standard ; on the 
contrary in scarlet fever and tetanus it rises to 106° aiid 110". 
As regards nurse-bees, these live insects can increase the local 
heat when the pupaa (oviform nymphs or insect chrysales) are 
about to come forth, by crowding together and becoming 
excited, they respire rapidly, even at the rate of 130 or 140 
inspirations per minute. In one instance, the tbemiometer 
introduced among seven nursing-bees, stood at 93°, whilst the 
surrounding atmosphere was but 70°. In the month of May 
the local heat rose to 98° when the external air was only 56°. 
During September the bees are stationary, and then the hive 
is but a few degrees above tliat of the atmosphere. During 
the incubation of bees, these insects, by accelerating their 
respiration, causes the evolution of heat and the consumptiou 
of oxygen to take place at least twenty times as rapidly as 
when in a state of repose. The same results ensue in a degree 
sometimes with other creatures when hybcmatiug. On con- 
fining animals in a given portion of air, tlie carbonic acid 
exhaled was found to vary according to the temperature ; thus 
at 86° and 106° it was not much more than half that which 
was given off at 59° and 68" and only about two fifths of that 
exhaled at 32°. Tlie quantity of carbonic acid produced during 
exercise, and for a certain time subsequently, and also after a 
fall meal, is considerably increased ; whilst on the other hand, 
it ia greatly diminished during sleep. Thus a person who was 
excreting 145 grains of carbon per hour, whilst fasting and at 
rest, gave off 165 after dinner, and 190 subsequently to break- 
fasting and a walk; but he only excreted 100 during sleep. 
The variation in the general development of the body, and 
also with the sex and age is very considerable, For instance, 
it ie greater in the males than females of the same age at 
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every period of life except diiUllHitni. In males the quantity 
uicreases regularly from eight to thirty, remaiuiug nearly J 
stationary until forty ; thus it averages 77 grains of carbon peuT 
hour at eight years ; 135 at fifteen ; 176 at twenty ; and 189l| 
grains between thirty and forty. From forty to fifty there il 
a well-niarked diminution, the average being then 156 grains n^ 
And the quantity is lessened gi'adually up to extreme old ag^a 
when the anionut exhaled scarcely exceeds that of ten year 
of age ; thus between sixty and eighty it was 140 grains, and 
in a man of a hundred and two it was 91 grains. Those ' 
average results are widely departed from in individual cases ; 
an estraordinaiy development of the muscular system being 
always accompanied by a high rate of extrication of carbon ; 
and vice versa. For instance, a man of remarkable mnscular 
vigour whose age was twenty-six, exhaled 217 grains of carbon 
in an hour, and another man at ninety-two, who in his 
younger days had possessed uncommon muscutar abOities, 
exhaled 150 grains per hour. On the other hand a man of 
shght muscular development, at the age of forty-five, only gave 
forth 132 grains, and another at seventy-six exhaled about 92 
grains. If we allow an animal to breathe a gas destihite of 
oxygen, the blood stagnates in the lungs and other parts of thff ■ 
system, from being loaded with carbonic acid, &c. When 
oxygen is uot consumed bythe capillaries in sufficient quantity, 
there will ensue, from want of the nervous enei^-y being J 
roused, gangrene (mortification) ; the application of gi-eat colcl ( 
produces the same result. The burning of carbon in the capil- 
laries or extreme blood vessels is one of the causes of the cii^- 
culation of the blood, and accoriiingly as the economy is i 
increased or decreased so are the number of the heart's 
beatings. 

254. All organized bodies are liable to continual decay, evei: 
■whilst they are most actively engaged in performmg thS 
functions of life ; and one of the chief products of this decaw^ 
is carbonic acid, which is especially given off after deathj 
both in the plant and animal, and also abundantly at tbfl 
period that precedes the death of the body, during which t 
general decomposition of the tisanes is occurring. Thus plants 
as soon as they become unhealthy give off large quautitiee 
of carbonic acid, and also at the fall of the leaf. 
The same thing happens with annuals in diseases which 
are attended with an unusual tendency to decomposition 
of the solids and fluids, mich as emptive fevers : at this 
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time the quantity of carbonic auifl set fvee during respiration 
is greatly iiicreaaed, aJthougli the body retnaJna completely 
at; rest ; and notwith standing tliis, the blood becomes dark, 
indicating that it has not been freed from the usiual amount 
of the carbon. Ac, which it has received from the tissues. If 
the blood cornea to the lungs charged witli carbonic acid, and 
is exposed in their cells to the influence of the air, which is a 
mixture of oxygen and nitrogen, an endosmose and exoamose 
of these gases through the pores of the tisenes take place, 
according to certain fixed laws. The carbonic acid brought 
into the lungs from the system will pass out, to be repSoced by 
oxygen and nitrogen, but the quantity of oxygen which enters 
will be much greater than the nitrogen, on account of the 
superior facility with which oxygen passes through porous 
membranes. Thus there will be a continual exosmose of car- 
bonic acid and nitrogen, and a constant endosmose of oxygen 
and nitrogen. The exhalation and absorption of nitrogen 
appear usually to balance each other, so that the amount of 
this gas in the respired air undergoes Uttle or no change. 
How, as carhonic acid contains its own bulk of oxygen, it 
follows that the amount of oxygen absorbed exceeds that which 
is given off, by 170 parts in every 1,000, so that a quantity of 
oxygen equal to more than J of that which is converted into 
carbonic acid is employed in the system, tor other puposes. 
It may be that a part of the additional oxygen combines with 
hydrogen furnished by tlie food, or by tlie disintegration of the 
tissues, and that the water thus generated forms a part of that 
exhaled from the lungs, whilst another portion will be applied 
to the oxydation of the sulphur and phosphorus, Ac, taken in 
with the food, which, after forming parts of the solid tissues, 
are excreted as sulphuric and phosphoric acids, &c., chiefly 
through the kidneys. In all tliese calculations, the enonnous 
quantity of carbonic acid given off, and oxygen taken in by the 
skin, should not be forgotten. 

255. Muscuiar exertion contrasted with repose. — The effect of 
bodily exercises produces a considerable increase in the 
amount of carbonic acid exhaled ; both during its continuance 
and for some time subaec[U6ntly to its cessation, the increase 
amounts to one-third the quantity given off during rest. If, 
however, the increase be prolonged, so as to occasion fatigue, 
it is succeeded by a diminished exhalation. The connection 
between muscular exertion and the carbonic acid expelled is 
most remarkably shown in insects. 
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256. Sleep and a/wake. — The carbonic acid exhaled duriug; 
repose is less than when awake, being as 100 to 160. 

257. Digestive process. — The exhalation of carbonic acid is 
greatly increased during digestion, and diminished when fast- 
ing ; thus the liourly exhalation increased from 145 to 196 after 
breakfast, and frorn 111 to 138 subsequent to dinner. Alcoholic 
drinks diminish the exhalation of carbonic acid, especially 
when taken on an empty stomach. The quantity is also in- 
creased by exhilarating emotions, and decreased by depressing 
affections of the mind. 

258. Period of th^ day. — There is an increase in the quantity 
of carbonic acid exhaled, in a general way, during the early 
pai't of the day, which lessens gradually until night time. 

259. As regards the economy of the liver.— When the respira- 
tion is impeded from certain disorders, the hver becomes gorged 
with fat. This would seem to be occasioned by the want of 
elimination of the fatty matter through perspiration and the 
respiratory process, and the consequent accumulation of it in 
the blood, the burden of separating from the system the carbon 
is thrown upon the liver. Previously to birth this ' 
the only discarbonising organ in the body, the lungs 
that time inert ; but as soon aa the latter come into play, they 
then separate from the blood a large proportion of the carbon 
with which it is charged, and consequently less than is trans- 
mitted to the liver, which is made evident a short period after 
birth by the rapid lessening of this gland. 

260. Combustion of animal, oily, and muscular matter.- 
Exercise and cold, by increasing the respiration, eUminateS 
part of the fatty matter in the form of carbonic acid and 
water ; whEst rest and warmth, by diminishing this drain, 
favour its passage into milk. The proportion of caseine (the 
principle of cheese), on the other hand, is increased by exer- 
cise, which shows that tliis ingredient is derived from tha 
decomposition of muscular tissue. In Switzerland, where the 
cattle pasture is scarce, the animals are obhged to use much 1 
muscular exertion to obtain their food, and the quantity oil 
butter yielded by them is very small, whilst the cheese is 
large proportion. But these very cattle, when stall-fed, give 
a. large quantity of butter and very httle cheese, 

261. Cofubustion of nerrous mattsr.—Jn the nervous as in 
the muscular system every vital operation is necessarily con- 
nected with a certain change of composition, so that no niaui- 
festation of nervous ability can take place, unless this mutation 
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con be effected. This change easeatiftlly eonsistB in the union 
of oxygen, conveyed by the arterial blood, with the elements 
of nervous matter ; and this union consequently involves the 
death and disintegration of a, certain amount of the nervous 
tissue ; the reproduction of which will be requisite, in order 
that the system may be maintained in a state fit for action. 
This reproduction is effected by the nutritive process, which 
takes place at the expense of other constituents of the blood ; 
and will proceed most vigorously in the intervals when the 
active energies of the nervous system are not being called into 
operation, 

262. As regards perspirable matter. — It appears that a com- 
plete suppression of the perspiration in animals, by applying 
varnish over their skin, gives rise to a state of cutaneous 
suffocation ; which is marked by imperfect arterialization of 
the blood, and a considerable fall of the temperature ; such an 
apphcation soon produces death in the lower animals, and 
would probably do the sajne in man. A partial suppression 
of the action of the skin by the same means gives rise to 
febrile symptoms, and to albmninuria (albuminous urine). 

263. The maintenance of animal heat is due in part to those 
molecular changes to which the cutaneous respiration is sub- 
servient, as seen where rabbits were shaved and coated with 
glue or suet. It might be supposed that by preventing the 
evaporation of sweat, the temperature of the tissues would be 
very sensibly increased, but it was vice versa. The heat of 
the first rabbit was, before the operation, 100", but it shortly 
sunk after the application to 87, and in an hour to 76, In 
another rabbit, so prepared, by the time the plastering was 
dry, the temperature of thii body was not more than 5| above 
the atmosphere winch was at that time 69", and in an hour 
after this the animal was dead. 

(a.) Digestion has been considered as a process of com- 
bustion, and the action between the elements of food and the 
oxygen conveyed by the eonnnon circulation of the blood (not 
forgetting that contained in the air swallowed during masti- 
cation and that taken up by the skin,) to every part of the 
body, has been regarded as one of the sources of animal heat. 

ib.) When living animals are exposed to the direct action of 
osygen the biood rapidly becomes very scarlet and loses its 
contained carbon. 

(o.) Animals in a state of hybernation (winter sleep) produce 
no carbonic acid, and their temperature is not higher than the 
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surrounding bodies, you may wound and even give these 
sleeping animals electric shocks, and yet they will not 
awake. 

If the carbon of the system was burnt in the lungs and skin 
would they not be warmer than anj'^ other parts of the body 
which is not the case ? 
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264. Sir B. Home during some of his phyaiologieal esperi- 
mentB divided the nerves that supply the velvet-like akin of 
one of the homa of a. deer, which operation diminished its 
temperature 7°, hut after the lapse of 12 days the heat of the 
two horns was the same. Upon esaminiug the structure of 
the parts after the animal's death, it was found that the in- 
terval between the divided ends of the nerves was filled up by 
a newly-formed connecting substance, capable of restoring 
their action. In further illuBtration of the effect of the nerves 
in producing heat, independent of mere circulation of the 
blood, Sir E. H. mentions a case of aneurism (morbid dilation 
of au artery) in which the large artery of the thigh was tied 
without occasioning any diminution in the heat of the foot. 

265. Dr. Carpenter states that all the vertebrata have red 
blood, and the number of red corpuscles, which any t,'iven 
amount of the fluid contains, bears a nearly constant propor- 
tion to the ordinary temperature of the animal. 

266. The calorification (act of producing heat) of living 
creatures throughout the animal kingdom, is said to be in 
exact conformity to the amount of oxygen consumed, and of 
carbonic acid given off, and the degree of heat hberated. Query, 
is not animal caloric mostly the result of electro -nervous 
action? 

267. Exercise as a souroe of animal caloric. — In the higher 
animals, as in the lower, bodily exertion has a considerable 
effect in producing elevation of temperature, and that this ia 
not merely due to the acceleration of the circulation, is shown 
by the fact that the exercise of a particular muscle will cause 
an increase of the heat liberated from it, as shown by needles 
plunged into its substance and connected with the thenruj- 
mutiplier. 

The quantity of carbon supposed to be consumed by living 
creatures will account for but httle of the animal heat eaUed 
into action by the bodily economy, but as we can set free or 
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) caloric by electricity without combustioQ, t 
nervous syBtem may eiiminate this element, or call it into" 
action by the animal magnetic fluid pervading the system of 
living creatures. 

268. Many young animala cannot retain their heat, hence 
to protect them, they must be kept warm. This economy 
probably ensues from want of nervous energy, and perhaps to 
the kind of sustenance they may obtain. It ia generally found 
with the offspring which can run about in early life and supply 
them9elveswithfood,thattheybetter generate and preserve theiir 
bodily warmth. In starving animals it was noticed that they 
soon lost 93 per cent of their fat and the heat of the system 
rapidly sunk, but the nervous tissue did not appear to diminish 
in size. On applying artificial warmth to these creatures they 
all appeared to gradually revive. Relative to the human off- " 
spring, the heat of the fire failed to renovate the infant, bnt 
the warmth of the human body was successful. 

269. The temperature of warm-blooded animals. 



Spedea. 


Of the body. 


Of the blood 


Penguin 


. 100=' . 


_ 


Fowl . 


. 102° . 


106" 


Sparrow 


, lor . 


107' 


Swift 





112° 


Elephant 


99" 





Whale 


. — 


102' 


SquiiTel . 


— 


105" 


Man 


98" . 


100° 



In the cold-blooded animals of northern climates the blood j 
only 32° or Si". The range of the human blood varies t 
little, whether near the poles or in the tropics. I 
that there is about one degree difference, as to temperatura, i 
the sleeping and waking state. 

(a.) The gills of a fish are only its lungs turned inside out.^ 

(b.) The brain of a shark is 30 times leas than that of 1 
porpoise. This has much to do with the superior temperature 
of the latter. 

(f.) The blood of the alligator stands at 80° in the summer, 
in winter it falls to that of the mud in which it may He. 

(d.) Aa regards the penguin of the north, its blood is aa warm 
as that of those which dwell in the south, or very neai-ly so. 

(e.) Only one half the quantity of the blood goes through the 
lungs or gills of cold-blooded creatures in proportion to that 
which permeates the same organs in wanner animals. 
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PREUMINAEY REMARKS. 

It is iatended t.hrougboTjt tlio foi'tlicoiuitig work to poid 
out certiim novel cliaracterB in regard to the influencing attt 
butee of Matter — by 'liaplaying tlirough particular facta — ti 
tnio agency tliat the atomizod and unatomized or uUragasooB 
worlds, exarcise in the eeououay of Nature. Added to wliioH 
will be an invoBtifjatiou into some of the more abstruBe XtoM 
governing thu various kinds of Motitity. Also &d irniu' 
touching the action of the LnrB-PRiNoiPi£ as it manifeeta its 
whilst governing tlie developmeEt of the vegetable anil aiiij 
kingdoms. Further, the Mateeiai.ity of ELECTBiorrr, Heai 
Light, Coluukb, Odoobb, and Sound, are cou&idered, deui<d 
stratiug that tlieae priuciplea have most of the chai'aijtei-istlfl 
of corporal itics^Bave that of ponderabihty or wuight. I 
addition, will be a disquisition touching the Cjiialitative OAUH 
of Eebistance, and lastly will be annotnt.iuns i " 

and ASTHONOMT. 



UTEEAEY NOTICI^H. 

We have been favoured with a perusal oi a. portion i 
Mr. Hands" "Work on "Matter, &c.," and can speak of it bm 
tiioBt able and interesting contribution to scientific literature j 
Tfc ifodem. Physician. ~Ua.y. 1879. 

Mr. Hand's Essays oa Matter, Motion, Life and I 
tance. Ac, aro replete with iustruction and original 
cepliona of a vciy sinking character,— ffw win »■ Natmvi 
June 30th. 1S79. 

Mr. HandB.of Hammersmith, author of some vory interiL 
tng works, haanow adopted the plan oiiginated hy iJicUeoBM 
Tliaekorav, whose hooka were brought out in inouthly insa 
ments. Mr. Hands'B views are most original and illastui^ 
by facts, hit! language ittimulates the niental taute, liko tliacl 
Robert Burton and Lr. Johnson, and pleases whilst instractii 
the reader. — T}ie Sussex Daily News. — June 18th, IHTS. 

Mr, Hands has issued tte second (July) part of his ■' 
ViuWfi of Matter, Life, Motion, and Eesiatance." I« i. 
respects, this thoughtful and industrious author liaa tiw 
paths which arc also explored by Dr Eabbilt. in UU f 
work on " Light." 

These writers are pioneers in new fields of ecienl 
research, and as such, a duty falls to their lot which caj 
be allribntod to a aeUish motive. Mr. Handsisu true aal 
and gives to his readers prof-ouml original thought, air a p 
lar price, his single object apparcnDy being Uw odacatji. 
the public mind in all its multitudinou6 fonns. — The Med 
and Daybreak. July 25, 1879. 
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(/.) The lungs of birds are small in comparison to some of 
the cold-blooded creatures, but then tbeir brains are large in 
comparison to those of the latter. The brain matter of animals 
no doubt creates motion, and motion intensifies and calls forth 
heat, and both eliminate nervous electricity. Owen suggesta 
that this result is from an electro-magnetic operation. He 
farther states, that the air cells of birds extend to the ends 
of their claws and even into the featherlets of their plumage. 

270. Nervoiisatid r.lectro-ma^netic sources of caloricin animals. 
— Whilst a piece of charcoal is undergoing common combustion 
and at the same time placed in connection with the condensing 
plate of a gold kaf electrometer, the leaves of this instniment 
will be seen to diverge with free negative electricity, whilst the 
stream of carbonic acid escaping from the burning charcoal 
carries with it free positive electricity, this fact will account 
for the origin and ability of animal electro -magnetism to pro- 
duce heat, 

(a.) The Sicilian and Neapohtan eats and drinis much fat 
and oil, like the Greenlander, but the Englishman when in 
Italy and at the North Pole lives on as simple a food aswhen at 
le, and yet his blood is of the same temperature as that of 
the dwellers in the " sunny South or the frozen North.' 
Again, the reindeer subsists on lichens, and yet by this fat-free 
food, maintains its blood-heat equally with that of the Esqui 
maux, showing that breathing animals keep the same tempera- 
tnre of the blood in all climates. These facts demonstrate that 
the mere act of generating carbonic acid and water, quite fails 
to account for more than a moiety or portion of the animal 
heat of living creatures; its chief source then, nodoubt,isderived 
from animal electricity and the constantly flowing polar mag- 
Dfltiem of the earth. 

(b.) Again, relative to the caloric developed in the different 
inflammations of the body, the combustion of charcoal in the 
lutimal system will not account for this economy. 

(c.) Electricity in traversing the platinum wire, heats it red 
hot, and why should not the vital electro -magnetism in going 
through the nerves generate animal calorie? 

(d.) By conducting a galvanic current through quicksilver 

J do not raise its temperature, but by passing a like stream 
tbxough salt and water (which will represent animal secretions) 
the mixed fluid will soon boil. May not this result account for 
most of the animal heat called into action by the nervous 
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(e.) A muscle whilst contrs«;tiiig contains less blood when 
in action than in repose, yet by putting a needle into it, the 
heat ol this flesh-in Btniment will be considerably raised : this 
experiment shows that the muscle contracts, and at the same 
time its temperature is enhanced through the nervous energy. 

(/.) The temperature ot a palsied limb will be found to be 
inferior to the sound one. Mr. Earl had noticed that the heat 
of one of these diseased members was 70°, whilst the healthy 
leg ranged up to 92°, but on electro magnetizing the affected 
limb its temperature rose to 77°. 

(g.) That there is a detennination of animal electricity to a 
muscle wheu it contracts, was shown by Mr. Rsymoiid, who 
states, that when the hands are immersed in two basins of 
water, in communication with the coil of a very delicate 
galvanometer, and the muscles of on^ of the arms is suddenly 
contracted, a cuiTent of electricity is developed, and can be 
detected by the movement of the magnetic needle. M. 
Despretez also found, that when a cylinder of platinum, or any 
other metal, in communication with a galvanometer, was held 
in each hand, and the fingers of one of them were suddenly 
contracted, so as to grasp the cylinder tightly, the needle of 
the instrument immediately deviated, often as much aa 90°. 
Some persons suggested, that the heat of the hand produces 
this effect, but when the metallic bodies were Ughtly held, 
there was no action set up. 

271. Terrestrial electro-niaffnetism as a source of animal lieat. 
—It has frequently been noticed that many persona feel their 
feet grow cold after placing them for a time upon asphalte, 
though this substance, from its being a non-conductor of heat, 
is considered to economise anima! caloric, but on the other 
hand it should be remembered that it also fajls to transmit the 
ever flowing electro-magnetic fluid of the earth. Again, certain 
individuals, sometimes complain — and this especially wheu in 
the magnetic sleep — of feeling chilly, by reason of their feet 
becoming cold, when encased in sillc or woollen stockings, or' 
when standing for a period on a carpet, and especially 
placed on oil-cloth. This result, like the former, is occasioned 
by being cut off from the earth's magnetism, for these sensitive 
persons state that they escape this impression when placed on 
wood or stone. In proof of the foregoing it is known, that if, 
people are electrilied, whilst isolated by being stationed ou silk, 
or woollen fabrics, that after the above operation, sparks oi 
be attracted fromtheirpersous, asif they had rested on aglosi 
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stool during the electrical process. Now, had the above textures 
boeu moistened with water, on which the parties in question 
stood before proceeding to manipulate, you would have failed 
to charge and afterwards attract sparks from them, because the 
electricity would have escaped from their bodies through the 
vretted fabrics into the earth as fast as it was delivered to 
them. 

272. Clairvoyants were always perfectly aware of the 
cause^why these persons felt chilly whilst located on the non- 
conductors, for they could perceive that the terrestrial electro- 
magnetism, that tends to keep up the action or renewal of 
animal heat, did cot freely, or with its usua! intensity, traverse 
the systems of the individuals in question. 

Be it further noticed that some sensitive persons become 
oppressed, and even have their temperature much lowered, 
when standing near trees, and especially on entering a wood, 
and this latter result quite independent of passing into the 
shade. Here, again, clairvoyants affirm that the ever-constant 
stream of the earth's electro-ma-gnetism is intensely attracted 
by, or impelled towards, the roots of the trees, from or through 
the surrounding soil, and mshes, or is conducted, up their 
stems, to be discharged from the twigs and leaves of the boughs, 
as from the points of an electrical-machine. In this way the 
persons under discussion became robbed, or deprived of the 
usual supply of the electro -magnetic fluid traversing the earth, 
and their appreciative feelings render them conscious of the 
deficiency. This latter fact dictates to us that we should 
not dwell too near trees or stalked plojits, nor sojourn in 
forests. (See article "Electricity.") 

273. Further touching the development of animal heat. — All 
vital actions require a certain amount of caloric for their per- 
formance. Thus, there is a slight increase of heat, as pre- 
viously noticed, during the process of digestion ; and exercise 
is an able means of raising the temperature of the body. 
Again, in disease the thermometer has been seen to rise, as 
before recorded, to 106° in scarlet fever, and 110° in tetanus 
(locked-jaw) , whilst it has fallen to 82" in spasmodic asthma, 
and 77° in cyanosis (blue disea-se from malformation of the 
heart), and also cholera. 

(a,) In the lower tribes of animals, in which the ability of 
locomotion is but feeble, and the supply of the wants of the 
system not immediately dependent upon it, very little niore 
heat is generated than in plants. 

L 2 
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(b.) The temperature of a maacle rises, as heretofore re- 
mai-ked, one or two degrees daring its contraction, but that of 
the uterus fwomb) during the parturieut efforts, or labour 
pains, has been stated (by Dr. Granville) to be occasionally 22° 
above the natural standard, and to vary with the energy of its 
contractions. 

(c.) With earth-worms, leeches, and mollusca (soft-bodied 
animals), the hoat is never more than one or two degrees above 
the air and fluids snrrounding them. 

(d.) In the Lepidoptera (winged insects), the chrysaJis, or 
oviform nymph, has itself the a,bility of generating heat at the 
period when its energies are aroused, and it is about to burst 
forth from its silky envelope. 

{«.) The hnmble-bee, when confinedinabottle, has by violent 
exercise, in five minutes, been known to raise the confined air 
from two to four iIgkii'ph. 



[KcnBATlON. 



INCUBATION. 



274. Iiicubaiiou (from incumbo, I brood over), the hatch- 
ing or tha lying down of an aiiimal oa egga, conimunicating 
to, and maintainiug tliejn, at & temperature essential to their 
development. That a due degree of warmth ia the sBsential 
object of incubation in bii-da, is proved by the practice of sub- 
stituting artificial heat, by which fertile eggs are hatched in 
the same period as when produced by animal heat. The mean 
temperature in the process of hatching ia 100° Fahr. ; it may 
vary from 95° to 105°, and towards the close, the process may 
be suspended tor one or tvro hours at a time. The abOity of 
conmiunicating the recjuisite degree of warmth to eggs, arises 
out of the unusual development and determination of blood to 
a particular plexus of vessels distributed over the skin of the 
abdomen (beliy), and which, in most bii-ds, ia connected vrith 
a. derivation of blood from the internal organs of generation, 
after the subsidence of the functional activity of the ovarium ■ 
(egg-pouch) and oviduct to the external integuments. The 
vascular, hot, and sensitive condition of the skin of the abdo- 
men, is the exciting cause of that uncontrollable propensity to 
incubate, which the Greelts denominate " stcrge " (love, affec- 
tion), and which with its associated phenomena of patience, 
abstinence, and self-deuial, form so remarkable afeature in the 
economy of birds. 

276. There are sometimes found special provisious for im- 
parting to eggs a temperature which is natural to the bodies 
of the parents ; thus, in serpents, the heat of the posterior 
pai't of the body rises considerably when the eg^ are lying in 
the oviduct, preparatory to being discharged, evidencing a 
special he at -producing energy in the surrounding parts at this 
period, which is obviously for the purpose of aiding the 
maturing of the ova. The viper, whose eggs are frequently 
hatched in the oviduct, so that the young are brought forth 
ohve, is occasionally seen baskLng in the sun, in such a position 
as to receive the enhancing heat on the parts that covers the 
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egg-duct. Further, in order to hasten the development of the 
pupsB (the oviform nymph) of the social bees, a curious pro- 
vision is made. The nurse-bees, whose duty is to cluster over 
the cells in which the pupae are lying, communicate heat to 
them by developing it through the energetic movements of 
their bodies and rapid respiratory actions. These nurse-bees 
crowd upon the cells of the nymphs about ten or twelve hours 
before they come forth as perfect bees. During this kind of 
incubation, when one nurse-bee quits the cell, another takes its 
place ; and the rapidity of the respiratory movement increases, 
until they rise, as before noticed, up to 130 or 140 per minute, 
so as to generate the greatest amount of heat just before the 
young bees are liberated. 



YEQETABLE HEAT AND COMBIISTION. 



VEGETABLE HEAT AND COMBUSTION. 



In most plants, at the time of flo-wering, heat is generated, 
eepecially with those in which a large nnmher of bloseoma are 
crowded together, as among the ariim tribe. Thus, a thermo- 
meter placed in the midst of twelve spadises (infloresceaceB), 
has been known to rise to 121°, whilst the atmosphere was only 
66°. Again, during germination, heat is also eliminated, as 
witnessed in the process of malting, during which operation 
the glass rises to 110°, The quantity of oxygen consumed, or 
rather resolved, into its ultimate elements by flowers, is often 
enormous ; as, for instance, those of the arum italicum having 
1 found to convert forty times their own bnlli of that gas 
into carbonic acid, between the periods of their first appear- 
e and final decay ; of this, the far larger proportion is taken 
up by the sexual apparatus, which has been found to consume 
152 times its own hulk of oxygen in 24 hours. I would here 
point out that the parts of the plant in question must have 
created, or fabricated, out of undeveloped, or unatomized 
matter, the ultra-gaseous matter of Professor Crooks, the 
carbon that combined with the oxygen, since the ponderable 
portion of the parts under discussion must have fallen very 
far short of the weight appertaining to the carbon furnished 
for the production of the exhaled carbonic acid. 

But to resume. That the foregoing process is necessary 
to the production of heat is proved by the fact, that no caloric 
is evolved when the flowers are excluded from the contact o 
oxygen ; and the substitution of this gas in its pure state, in 
the place of atmospheric air, occasions the elevation of the 
temperature to become more rapid. The same may be said o 
heat liberated by seed in the act of germination, for during 
this process a large amount of oxygen is absorbed and carbonic 
acid given out, and the evolution of heat may be easily shown 
to depend upon tliis change, ae exemplified in the instance 
before quoted. The matter of caloric here produced or rather 
made evident, must have been in combination with the oxygen, 
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andwas set free, when the ultimate elements constituting thisgi 
united with the carbon created by the plant to form carbonic 

(a.) Humboldt states that the temperature of the bigoni^^ 
radicans during inflorescence, is greater in the male than in tl 
female plant. 

(6.) The vital actions of certain plants are so adjusted a 
be carried on within very wide extrenaes of heat and col 
Thus a hot spring of water in the Manilla islands, which raisd 
the thermometer to 187°, has plants flowering in it and on i1 
borders. In certain springs of Louisiana at a temperature of^ 
122° and 145°, have been seen growing not only confervie 
(river weeds) and herbaceous plants, but ahmbs and trees. 
A species of chara (flowerless plant) has been found growing 
and reproducing itself in a hot spring of Iceland, which boiled 
an egg in four ininutes. Mr. Stanton states, that he saw in the 
island of Amsterdam a species of marchantia growing i 
spring, the mud surroundizig which was hotter than boih 
water. On the other hand, there are some forms of vegetatioi 
which only luxuriate in degrees of cold which are fatal to mon 
others. Thus the lichen, which serves as the winter food d 
the reindeer, grows buried beneath the snow ; and the beaad 
M Utile protococcus nivalis producing the red snow, crimsM 
extensive tracts of the Arctic regions. 

(c.) Plants of small size vary in temperature with 1 
atmosphere, but with large trees these latter are colder thi 
the sm-rounding air in sunnmer, and wanner than the atmos-" 
phere in winter, as seen by the snow melting round their roots. 

(d.) The sap often flows lu winter, but the interior of the 
ti^e, and the warm soil four or five feet deep, 
same tempoiature, which accounts for llijs 
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EFFECTS OF HEAT, &C. 



THE EFFECTS OF HEAT ON ORGANIC AND 

INORGANIC BODIES. 



276. Every species of plant re.juires the temperature which 

J^ 3!iost congenial to its ecouoiiij", as exemplified in mountiiin- 

**'*i8 districts, the low valleys of which are frequently adoraed 

^^'T-tli the vegetable products of the torrid zone, and the more 

®l^Vated districts with those of temperate climates, while 

"-•'^ards the summit, nothing is met with but the meagre natives 

^ the polar regions ; and the lines of demarcation are some- 

■"-^^lea 80 remarkable, that ou the volcano of Teneriffe no fewer 

**aii five distinct zones, marted by the products which 

^ tiaracterise different climates, are distinguished. 

(a.) Heatincreasesthe quantity of evaporatiou from thesurface 

^~*^ plants, and consequently the activity of absorption by the 

^^^ts. The general processes. of nutrition are thus carried on 

^^i^th vigour, so long as the plant is well supplied with water, 

^ ^^^i'■hich not only prevents its tissues from being dried up, but by 

"^s conversion into vapom-, moderates the temperature wliich 

^''^i'ould otherwise be excessive. Cold depresses the vital action 

^^^ plants, congeals their juices, and bursts the cells and vessels 

^^^■hich contain them. Mr. Knight states that the cucumber 

^^-nd melon plants will afford all male or staminiferous flowers 

^3 their vegetation be accelerated by heat, and all female or 

^^^)istilliferous, from the same points, if its progress be retarded 

■Dy cold. 

(b.) There are some species of cold-blooded animals, whose 
lives would be destroyed by a degree of heat which is but 
Salutary to others, if their self -refrigerating abihty did not re- 
sist its influence. Thus, the muscular fibre of frogs is so easily 
incited, that it would immediately pass into a state of perma- 
nent and rigid contraction, if bathed in a circulating fluid of 
the temperature of the blood of birds. But although a fluid 
medium of 140° is fatal to these animals, they are capable of 
sustaining the same heat in air for a long time without injury, 
fts the rapid evaporation from their bodies resists its influence. 
Many men can bear a heat of 21J0'' whilst the vapour of water 
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at 125°, or immersion in water of 113° cannot be continued for 
many minutes. On the contrary, fiahes were found in the hot 
springs of Manilla, and in the thermal waters of Barbary at 
172°. Humboldt relates that he saw fishes thrown up in the 
very hot water of a volcano, which, from their lively condition, 
was apparently theii- natural residence. Yarioue fresh water 
moUusca ai'e found iu thermal springs, the heat of which is 
from 109° to 146°. Certain larvte (insect grubs) have been 
found in hot springs of SCS", and small black beetles, which 
died when placed in cold water, were located in the hot sulphur 
baths of Albano. 

(c.) Entozoa (internal animals) inhabiting the bodies of 
mammalia (suckling animals) and of birds, must of course be 
adapted to the condition of their residence, and the heat which 
they there support, from 96°to 108°, seems so natui'al to them, 
that they become torpid in a cool atmosphere. On the other 
hand, the Entozoa of cold-blooded animals seem capable of re- 
sisting not only cold but heat, for those inhabiting the intestines 
of the carp have been seen ahve after boiling for the table. 

(d.) A large proportion of warm-blooded animals pass the 
winter in a state of sleep. It is curious that in such cases ex- 
treme cold acts as a temporary stimulus. Thus, if a dormouse 
or other liybematJng animal, already reduced to toi-pidity or 
numbness by moderate diminution of temperature, be es- 
posed to a more intense degree of cold, its vital energies are 
aroused, as by any mechanical or other excitement, and it begins 
to execute the movement of respiration, by which its tem- 
perature is for a time elevated, but if the additional cold is 
continued it dies. On the other hand feoi induces a state of 
inactivity in some animals: thus, the helix pomatea will become 
torpid and motionless in water at 112° and recovers its energy 
when placed in a cooler situation. 

(e.) The motion of the green globules that are seen to circu- 
late round the interior of the cells and tubes of some plants, 
as for instance that of the chara, is increased by a range of 
temperature between S5° and 77° Fahr., and decreased by a 
greater amount of heat or cold, 

{f.) Persistence of the vitality of animals. — Insects have re- 
vived on exposure to the sun, after having been immersed in 
spirits for many months, and reptiles, fishes and caterpillars 
after being long frozen. The frogs of the Icy sea, that ex- 
hibited no signs of life when their legs were broken, resumed 
their natural movements, when exposed to a genial heat. 
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]arv£B of the cabbEige butterfly have retained their vitality after 
being exposed to a temperature below zero. The egga of silk- 
worma and those of slugs have been subjected to 40° below 
zero without injury. 

(g.) Egga may be brought to develope themselves by natural 
and artificial heat, as noticed under the head of Incubation. 

(A.) A slight return of warmth will often set the sap in cir- 
culation; and in this manner the leaf-buds are gradually 
prepared during the milder days of winter, so as to be ready 
to start forth into full development in the spring. The gar- 
dener can, in some degree, invert the order of the seasons, and 
produce both blossoms and fruit from the plants of our own 
country, when all around seems dead. The process ol forcing, 
however, is unfavourable to the health and prolonged existence 
of vegetation. The same result occurs when plants of tem- 
perate climates are transported to the tropics ; within a short 
period after one crop of leaves has fallen o£f, a new one makes 
its appearance. Hence the fruit trees of this country trans- 
ported to the tropics, produce foliage, but very little fruit, and 
tlie period of their existence is much shortened. 

(i.) The influence of high temperature is evident in hot 
climates, as here ferns can develope a woody stem, and assume 
the character of trees ; and it is only there that the tall sugar- 
canes, and the gigantic bamboos, which are but glasses on a 
large scale, can flourish. 

(j.) For every species of vegetable there is a temperature 
which is most congenial, from its producing a favourable 
influence on its general vital actions. There is a considerable 
difference between the ability of growing and flourishing. We 
may lower the heat ol a plant to such a degree as to allow it 
to continue to live, yet its condition will be unhealthy. Its 
tissues grow, but become distended with water instead of solid 
deposits. The usual secretions are not formed ; flavour, 
B'weetness, and nutritive matter, are each diminished, and the 
ability of flowering and producing fruit is lost. 

{k.) Certain birds have recourse to substitutes for the usual 
method of incubation. Thus the lailegalla of New Holland is 
directedbyiwstinci — or rather natural impulsive fore-knowledge, 
like that of the clairvoyant — not to sit upon its eggs, but to bring 
them to maturity by depositing tbem in a sort of hot-bed which it 
constructs of decaying vegetable matter. Again, the ostrich only 
sits upon its eggsin the absence of the sun's heat. One of our 
native fly -catchers was known to leave its nest, built in a hot- 
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house, when the temperature of the building was equal to the 
hatching of her eggs. 

(t). It was found by Reaumur that pnpffl which would not 
naturally have been disclosed until May, might be caused to 
undergo their metamorphosis, or transformation, during the 
depth of winter, by the influence of artificial heat ; whilst, on 
the other hand, their change could he delayed for years by the 
prolonged influence of a cold temperature. 

(m.) Certain terrestrial molluscs, and even particular fishes, 
like plants, enlarge greatly under the influence of heat ; so, 
also, will some cold-blooded animals — as the frog, &c., — which 
■was proved in the experiments of Professor Edwards. On the 
contrary, cold destroys young animals — even children, and alao 
old persons ; pointing out to us the necessity of well clothing 
and keeping warm the aged and young. 

(n.) Lead, which becomes heated by percussion, does not 
lessen in density, after the manner of iron, under the same 
process ; yet, like the latter, it becomes hot when hammered. 

(o.) Bismuth, unlike other metals, expands by the abstraction 
of heat in the same way as water, which dilates when solidify- 
ing into ice. 

(p.) Caoutchouc (India-rubber) contracts by the application 
of caloric, but when putting it on the stretch, its particles be- 
come condensed, and heat is eliniinated. 

(5.) Economising heat. — In employing the self-acting Nor- 
wegian cooking apparatus, it wUl be found that if we boil meat 
for ten minutes, or roast it for a period, and then put it in the 
above thickly-felted box, it will go on preparing for meals, and 
will keep hot for 12 to 15 hours. 

(r.) The same amount of caloric which serves only to raise 
water up to 73°, will heat oil to 83°. Oleaginous bodies cool 
in half the time that water does. 

(g.) If we heat certain pieces of metal, each up to the same 
temperature, and place them on a cake of wax, the iron and 
copper will melt their way through first, and the tin next, 
whilst the lead and bismuth portions are retained on the sur- 
face of the cake. 

((.) The salts of nitre in dissolving reduces water from 50° 
to 35° Fahr. 

(m.) Ice by compression will liquify ; but on removing the 
pressure it will again become solid. 

(v.) Liquif action, as a rale, produces cold ; on the contrary, 
congelation, or solidification of certain bodies, calls forth heat^ 
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INFLDENGE OF CLIMATE, SOILS, AND FOOD, ON 
ANIMALS AND VEGETABLES, 



277. (a.) Humboldt waa among the first to promulgate 
philoaophical viewa on local influences. Every hemisphere 
pPoduoea plants and animals of different speciaa, and it is not 
by the diversity of climates that we can attempt to explain 
■why equinoctial Africa has no laurinese, and the New World no 
heaths, why the southern hemisphere alone produces calceo- 
lariae and is without roses, and why Indian hicds glow with 
ooloura less splendid than those of the hot parts of America ; 
BJid finally why the tiger is peeuUar to Asia, and the omi- 
thorhynchus {hird-beaked mammal) to New Holland. Each 
•mall island in the Pacific Ocean, having precisely the same 
^ocks and similar climate, is tenanted by a different set of 
•*eitiga. Australia produces almost only marsupial (having a 
•Ouch on the belly in which to cheriwh the young) animals, as 
Maigaroos. wombats, Hying opossums, kangai'oo-rats, &c,— 
"t>ine living on herbs and finiits. whilst others are carnivorous, 
feeding on Hesh). The mountains of Peru and ChiU are 
•^vered with lama, guanaco, and alpaca, which represent the 
B^tLus camel of Africa. These are uot foimd in Brazil or 
MTeideo. A particular species of fox. is indigenous to the Falk- 
J*iid Islands, and a singular kind of rat in New Zealand, which 
I* locally destitute of other mammalia, except menibranous- 
•Wiuggd bats, Among the fertile islands ia the Pacific, no 
^.^^drapeds have been met, with, except the rat, a few hats, 
■•>d the dog and hog, wliich latter may have been conveyed 
■either by the natives from New Guinea. 

fa.) As regards Birdti. —Those of the Brazils differ vastly 
f*^m those of Africa,_ India, and New Holland. A single 
^^iand Bomethnes contains a species found in no other spot on 
"lie whole earth; as seen among the parrot tribe. The grouse 
*Pecies of bird is found nowhere but in the British isles. 

{b.) As regards tlie Reptile Tribe of Animals.— Oi the great 
'tlariatis (lizard family) the animals which inhabit the Ganges 
^ffer from the cayman of America, or the crocodile of the 
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(e.) Belative to Snakes. — We find the boa of America, re- 
presented by the python of India and anaconda of Asia. 
Africa 13 the country of the poisonous cerastes or horned 
serpent. Asia of the hooded snake, or cobra di capello, and 
America of the rattlesnake. 

(d.) There are no toads or snakes in Ireland, but they 
have the frog and water-newt, and green lizard. The sama 
applies to North "Wales. 

(e.) There is not a single animal of the southern regions 
which is not distinguished by essential characters from tha 
analogous species in the northern seas. The flying-fish are 
only in or near the tropics. 

{f.} The common bee of this country was not known in 
North and South America, until the Europeans visited these 
countries. Plants, animals, and even mankind vaiy in their 
character, when transferred from one country to another. 
For example, the common European sheep when located in 
Africa became covered with a kind of hair. 

\g). Dutrochet found that if he acidulated a weak solution 
of white of egg different species of manilea rapidly formed upon 
it, while if he rendered such a solution slightly alkaline, the 
Batrytis made its appearance, and that the solution in its simple 
state — neither alkalescent nor acidulated— produced no fungi. 
The horned poppy of the sea-shore, never grows spontaneously 
in an inland field, nor the marsh marigold on a dry heath, or 
the reindeer lichen of Lapland in the plains of a warm country. 

(ft). The nightingale is not found farther north than York- 
shire, nor westward than the eastern borders of Devonshire, 
though there are plenty in Somersetshire and Dorsetshire. This 
bird is neither found in Ireland or in Wales. Sir F. Heniker 
once took nightingales and their eggs from Surrey and Norfolk 
to see if they would frequent the woods of his estate in Devon- 
shire, but the old birds forsook the locality, and the offspring 
produced from the eggs never returned to the place where they 
were hatched. The nightingale migrates in winter to Africa. 

(i.) Toads according to Mr. Jesse are very numerous in 
Jersey, but they will not live if carried to Guernsey. 

(j,) Species according to Humboldt are so local that they 
are found to be different on the east and west sides of the same 
country. 

{k.) The form and stature of men differ as much as distinct 
species of animals. The arms, feet, and legs vary, and tha 
statui'e from seven feet in the Fantagoniau to four and Gm 
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feet in the Laplanders and EaqTiimaus, and stOl more diminu- 
tive among the Boajesmen. The Gipaiea and Jews preserve 
tlieir family colours a,U over Europe, but casea are said to have 
occurred in America of negroes becoming white in their descent, 
and after generations atill more fair in appearance. 

(I.) In New Holland, nature is not only singular but reversed. 
Thus, swans are black and eaglsB white. The Kangaroo has 
five claws on its fore legs, and three talons on its hind extremi- 
ties, yet hops on its tail ; moles lay eggs, and have a duck's 
bill ; a bird, the meliphaga (honey eater) baa a feathered 
broom instead of a tongue. Pears are formed of wood, and the 
cherry has the stone on the outside. Every thing has an 
original character. All the quadrupeds are like the opossum 
tribe, the fish resemble sharks, and the very land and trees 
have peculiar features. 

(rn.) Babbits do not burrow iu hot climates, they place 
sentiaels, like rooks and wild horses, to give warning of any 
danger. 

(ti). Italy abounds in leguminoue (astbepeaandbean) plants 
England in mosses, Germany in rushes and grasses, and Scan- 
'^iQ.avia in lichens. 

(o.) Flowers of one climate do not unfold their leaves at the 
^^rne hours as in others. Thus, an African plant, which opens at 
**^ o'clock, if removed to France, does not display its flower 
^^tals until nine, nor iu Sweden before ten. Those which do 
'^^^t open in Africa until noon remain always closed in Europe. 

(j).) Docks and nettles, sustained by certain animal sub- 
**^Hnces, always follow man in his wanderings. 

(g.) The entozoa and epizoa (internal and external parasitic 
^■liimals} never infest, permanently, separate Uving species of 
^liimaJs. 

(r.) Humboldt states, that the dehcate races of dogs and our 
'ionieBtic cats, perish in a very short period when transported 
to the Cordilleras, 14,000 feet above the level of the sea, both 
"^iie above animals die at the end of a few days, in convulsive 
^tB. Humboldt likewise saw many of these chorea-like 
diseases when in Tauh, and sTipposes they occur from the 
deficiency of atmospheric pressure. The dogs of the Spanish 
Colonies are hairless and are supposed to be of Chinese 
^irigin. 



(s.) All mountaineers are mostly tall, athletic, and 
liandsome, in fact they often appear as if of a distinct 
£10111 those living in the valley. 
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ELECTEICITT. 



378, A disquisition touching the materiality of tUctndiby r— 
Previously to entering on the subject of electricity (of which 
there are two conditions, free and combined), I am impressed 
to put the query — may not the unequal distribution of heatn 
and light, as regards the equatorial and polar regions, combinec 
■with the constant rapid whirhng, and transitional motion c 
the earth,* also the incessant friction on its surface of t 
shifting winds and flowing waters with their constant vapouri 
tion and condensation, induce certain perpetual electrica 
currents to traverse our globe diam ague tic ally, — that is from 
east to west — similar to the polar magnetic waves, which are 
known to be ever spirally threading each other, as they undu- 
late froin south to north, culminating in the aurora borealis ? 

Admitting the foregoing economy to obtain, may it not be 
assumed, that it is through the action of these polar magnetic, 
and transversal electric currents, that all elongated bodies — 
when freely suspended — arrange themselves, either north a 
south, hke the oblong loadstone, or tend east and v 
ponding to the warmer and greater diameter of the earth? ] 
it remembered, that it was from observing the obedience of ' 
pendent elongated gravitating materials to these operative lawsi 
that Faraday was led to divide aU substances either into polar 
magnetic or equatorial diamagnetio bodies. 

279. As there are many dissimilar hues and musical toned^ 
comprehended under the general terms colour and sound, i 
there may be different modifications and kinds of electricity,' ^ 
In coming time, most probably, it will be discovered, that 
whatever varied qualities and forms this element of electricity 
may assume, or the effects it can work out, they will be found 
to emanate from the changing condition, or varying influence J 
of one great principle. 

■ The earth in its orbit travels 1,1)32,000 miles iu a flay, or 68, 
eveiy hour ; it also turna upon ita axis at the rate of 1.042 miles ii: 
or 25.000 miles each day. The saa movea over e. spaue of 3,33(),0O0 n 
doring the daj, or 138,999 milea every hour. 
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Electricity may assume (so to speak) many distinct energies 
and qualities, in order to meet the continually changing 
economies of nature's requirements. Every individual thing 
in existence must be pervaded by this ever- operative impon- 
derable material element, which wUl often be found to vary in 
some of its distinctive properties, according to the body it 
may for the time being influence or form a part of, whilat 
constantly escaping out of one object into or over that of 
another, aa circumstances may become changed. 

280. Frictional Electricity. — This phenomenon was first 
noticed, and aftenvards described byThales, 600 B.C, (one of 
the seven wise men of Greece), who discovered that a. piece of 
amber, when rubbed, attracted light bodies. From this fact 
he supposed that the amber possessed a soul, and was endowed 
with animation and became nourished by the attracted bodies. 
The Indian children (as before noticed) on the banks of the 
Orinoko at the present day, according to Humboldt, amuse 
Ihemaeivea vrith exciting, by friction, the dry and polished seeds 
of certain rushes, and afterwards attracting filaments of cotton 
or com-huske with them. (See section 42). 

Theophrastus of Eresos (the most distinguished of the pupils 
of Aristotle) 300 years after Thales, observed, that tourmaline 
had the ability of attracting hght objects. If we warm large 
pieces of this varied-coloured mineral on a piece of hot iron, 
flashes of light may be seen to dash across its surface. If a 
crystal of tourmaline he mounted upon a pivot, or otherwise 
suspended, so as to he free to move, on exciting this substance 
80 arranged, by blows or friction, polarity will be developed ; 
one endbeing attractedbyexcited glass {as when rubbed by sUk) 
and the other repelled. The polar arrangement of its particles 
exists throughout its substance, for when broken in two, each 
half will likewise prove to be polar. It is during the rise of 
its temperature that thermo-electric phenomena take place. 
These effects ensue also whilst this substance is cooling, bub 
with the opposite direction of its qualities. Otto von Guericke 
constructed the first electric machine 1647, which was made of 
a globe of sulphur. The above first gleams of electrical know- 
ledge seem to have been hidden in the long obscurity of ages, 
and nothing further was added to the observations of Thales 
and Theophraatuafor 1,700 years, until Dr. Gilbert of Colches- 
ter, in the time of Queen Elizabeth, published a work on 
magnetism, wherein he mentions several new facts, attributed 
to magnetic excitement, and he gave to them the title 
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of electricity (from electron, amber). These recordi 
esperimenfcs drew the attention of later phUoaophers to thi»' 
subject , 

Electricity has, of lata years, acquired much importance' 
from its influence over chemical phenomena, and its connection 
with those of magnetism. "When a clean glass tnha is rubbed 
with a, dry hand, or a portion of silk, it attracts and repels 
pieces of paper if brought near it. A stick of sealing-wa^x 
rubbed upon dry flamtel, exhibits the same appearances, and 
to a superiieia! observer, seems to be exactly in the same state 
as the glass, and they are said to be electrically excited. But, 
onmore close esaminatdon, it is found that whenlight bodies are 
attracted by excited glass, they are repelled by excited sealing- 
wax, andi^ice versa, so that the glass and wax are pronounced 
to be in opposite electric states ; and hence the terms of vitreoiis 
and resiTwus or positive and negative electricity. But these 
two states are always co-existent. Thus, when glass is rubbed 
by silk, the glass becomes positive, but the silk negative ; and 
seaUng-wax rubbed by flannel, the was is negative, but the 
flannel becomes positive. A similar excitation of electricity is 
seen in many other cases, as when we rub a cat's back with 
the hand, or when a piece of silk ribbon is drawn briskly be- 
tween the fingers, or a sheet of paper rubbed with a piece of 
caoutchouc, and a metal rod by a sUk handkerchief, or when 
breaking, stiiking, and bruising things, In fact electrical ex- 
citement is induced during every movement of matter, whether 
animal, vegetable or mineral. These and many other extraor- 
dinary phenomena connected with them, are hypothetically 
referred to the presence of a particular form of matter, 
called the electric fluid, which appertains to all bodies, bufe 
seems to become only evident when in redundancy or d< 
ciency, and it may be, that its presence is made evident, onl 
when the electricity of composition, or that traversing tl 
superficies of bodies, is put into more or less intense motion 
by some local operation. Further, when the glass is rubbed 
with silk, the eqnilibriiun of the electric fluid has beea enp- 
posed to become disturbed, the silk is said to impart it to 
gUsB, and hence the fonner, losing electricity, becomes 
or negative, and the latter acquiring electricity, becomes pi 
or positive. This is commonly caUed "Franklin's theory; 
Others have assumed the existence of twojtuids as essential 
the explanation of electrical phenomena ; both being equal 
, subtile, elastic, and universally diffused, and each highly repi 
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sive as to its own particles, and attractive of those of an 
opposite kind. Electrical quiescence is referred to the com- 
bination of these fluids, and their consequent matual neutrali- 
zation ; and electrical excitation is the result of either being 
free or in excess. It is siipposed that they are separated by 
fiiction, and by all those other causes ■which give rise to the 
appearance of free electricity. There are two distinct 
phenomena presented by electrified bodies, the one seems to 
result from the accumulation of electricity upon the surfaces 
of bodies ; they are commonly included under the term of 
eUetricity of tejisimi, and are well exhibited by the conmion 
electrical machine and its prime* conductor. It affects or 
excites into action all neighbouring substances, and they are 
thrown by it into a polar electrical state by what is termed 
induction. It has a tendency to pass off in sparks (the supposed 
result of the combination of the two electric fluids) through 
the air, or gradually escape from points. The thunder storm 
furnishes a magnificent specimen of tlus state of electricity. 
The other condition of sensible electricity, is tliat exhibited by 
electrioiiy in •motion, as when a current of this fluid is passing 
through a wire or other conducting medium. In this case a 
vast quantity of electricity may be concerned in the phenomena, 
without any apparent intensity, but whilst the current is 
continuous, it produces magnetic results of a most extraordin- 
ary character ; and when the perfect conductor is broken by 
the intervention of certain other media, they suffer in some 
cases chemical decomposition, and others become heated, and 
even ignited. The phenomena of electricity in motion are 
best exhibited by the voltaic apparatus. 

In all electric experiments remarkable differences are 
observed in respect to the transfer of the electric fluid through 
different bodies. Some, such as the metals, allow its free 
passage through their aubatance, while others receive and retain 
it more superficially, as glass, resin, and other substances 
■which exhibit attractive and repulsive abilities when rubbed. 
Hence the division ofhodies into COTidwciors and non-conductors. 
There are also imperfect conductors, as water, oils, vegetables, 
and animal bodies generally. The non-conductors are some 
times called electrics, and good conductors are named non- 
electrics. The electrics are likeivise termed insulators. Thus, 
a brass rod mounted on glass or wax become insulated 
wyjnductors. The insulators are also term«d dielectrics. Thus, 
«alph.ur, lac, and glass have much higher inductive capacities 
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than air. Gum-lac insulates or detaches ten times as 
effectually as silk. 

(a.) The dissipation of electricity hy the atmosphere is 
nearly in the triplicate ratio of its moisture. 

(b.) Black hair conducts better than white : all bodies are 
mote or less conductors. 

(c.) Electricity moves through copper wire with the velocity 
of four million feet in a second, exceeding that of a wave oi 
hght through space. 

{d.) The shock of a Layden jar tinveuted by Kleist, 1745) 
is transmitted from each end of aji interposad wire and arrives 
latest at the centre. 

(e.) An electric jar is diacliarged, if put into a vibratory 
state, as by sounding it like the harmonicon. 

281. Electroscopes and electrometers are instruments by 
which changes in the electrical states of bodies are rendered i 
evident and their intensities measured. One of the simplest 
of these consiete of two small pith balls, as used by Dr. Gilbert, 
suspended by a very line thread to the end of au insulated 
conductor. "When this reeeiTes electricity the balls diverge,, 
and the nature of the electricity by which they are separated 
is known by bringing near the conductor a piece of excited 
sealing-wax. If the divergence increases, it is the same as thafe' 
of the wax or negative ; if it diminishes, it is opposite to that of 
the was or positive. Bennett's gold leaf electrometer is still 
more delicate. The leaves must be enclosed in a glass cylinder,;:! 
sufficiently capacious to aliovv of their divergence. They areV 
connected with a brass cap, which is used in the same way ae< 
the preceding. To ascertain the actual repulsive and attrao-"' 
tive abihties appertaining to weakly-electrified bodies, Colomb's 
torsion electrical balance is used. It would appear by this 
electrometer, that the electric capabihty follows the law of 
gravitation, it being in the inverse ratio of tlie squares of tha 
distance of the acting bodies. This instrument is affected 
Striking the cap oi the apparatus with a silk handkerchief 
from the wind of a bellows, probably from the friction induci 
But these instruments in question will only display one 
two characteristics of the olectricitiea belonging to certain 
substances ; they will not demonstrate the very varied quali- 
ties and characters of theelectric fluids appertaining to auimate 
and inanimate things under varying cu-cumstances. For in- 
stance, it will be found that animals in particular, when 
pervaded by certain feelings, have their electrical conditions 
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altered ; and to detect these, we miist employ the instinctive 
brain-electrometer of aniinals, especially that belonging to the 
hmnan clairvoyant. 

282. Induced Electricity.- — Aa a general rule, no electrical 
attractioTis exist, except between bodies in opposite or dissimilar 
electric states. When any electrified substance, such as an 
excited stick of sealing-wax, is brought near other non-electri- 
fied bodies, they have a tendency to mutual attraction. This 
tendency exists among all auiTounding substances ; but such 
of coarse only as have freedom of motion are observed to 
move towards the excited electric : such as suspended feathers, 
particles of dust, Ac. Now aa these are attracted by the elec- 
trified body, it follows that they must previously be thrown 
into an opposite electric state by the mere proximity of the 
excited electric ; and this is really the case. Wlienever an 
electrified body is brought near to another in an unelectrified 
state, that part or surface of the latter which is opposed to the 
former, becomes oppositely electrical, and is consequently 
attracted by it. Electricity is thus said to be inducud in the 
Burrounding bodies by the vicinity of an excited electric : aa, 
when a highly-electric cloud hov«ra over the earth, that por^ 
tion of the land opposed to the cloud, becomes in an opposite 
electric state, and consequently attractive of the cloud. Thus, 
during a thunder-storm, we often see an electric cloud gather 
on the summit of a hill, and remain there untQ it has dis- 
chai^ed its electricity, when it ia wafted quietly away, 

DieUctrics. — The term dielectric has been applied to the air 
or other medium, through which induction takes plcLce, and it 
■will he found that different dielectrics vary considerably in their 
respective inductive capacities ; thus sulphur, lac and glass have 
much higher inductive capacities than air. When an electrified 
body approaches another which is in its ordinary state, the 
Borface of the latter opposed to the electrified substance ac- 
quires an opposite state, this opposite electrical condition, 
however, only belongs to the opposed surface ; for the other 
side or end of the body, though also electric, is dissimi- 
larly so. 

These results fully establish the fact that no two bodies, not 
even in their natural state, can be brought near each other, 
without acting on their inherent electricity, the slightest change 
set np in the one must be answered by the condition of the 
other, and no mutation, even in position, can take place in a 
proximate body, without electrical effects. Professor Daniel 
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came to the concluaion that no distance is so great that induc' 
tioQ nannot take place through it. 

283. The ekctrlc light.— The appearance of the electric 
light is modified by the density of the medium through which 
it passes. Thus, in common air short sparhs are straight, or 
nearly so, and long ones zig-zag ; the former are hrilliaiiit 
especially at their extremities ; the latter are usually of a paler 
or redder hue. I:i condensed air, the electric spark is brightly 
white ; in a rarefied atmosphere, it Ik of a reddish tinge, faint and 
divided : in the vacnum of a good air pump, it is of a purplish 
hue and onlyyisible in the dark. In a, good Toricelliaji vacuum 
the light ia faint blue, and in the most perfect vacuum which 
can be obtained, it is scarcely visible, and of a greenish tint. 
In gases, the electric spark usually appears most brilliant in 
those which ace deuse. In hydrogen it is faint and red, in 
carbonic acid it is vivid and white. It is also modified by the 
nature of the surfaces from and to which it pasBea, 

284. Static or quiescent electricity. — There is an important 
circumstance attending the distribution of statical electricity, 
which ia, that it belongs to surfaces only, and is so far inde- 
pendent of quantity or mass of matter, that a hollow sphere 
receives the same charge as a solid one. Colomb found that 
an excited globe of metal afforded no indication of electricity in 
its interior. It has been concluded that in solid spherical bodies 
the electric fiuid is accmnulated on their surfaces, and evei-y- 
where eqiially, so that a spark, taken from any pai't of the sui- 
face, is of equal length, and the electricity has no tendency to 
escape from any one part more than another ; its intensity there- 
fore, is said to be every where equal. But if we alterthe/oi 
of the body, we at the same time change this equal distributioni 
of electricity on its surface. Thus, if two similar 
placed in contact, there will be two points of greatest and e^aJ 
intensity on their opposite sides in a line with their point of 
contact, and at this latter point the electricity will be null. 
In an ellipsoid, the greatest accumalation will be at the ex- 
tremities of the longer axis, and there the intensity of the 
electricity is at its maximum, and increases with the length of 
the axis, so that if the elhpsoid be considerably elongated, the 
intensity is very feeble at the ecjuator, and very great at the 
poles ; and in cylindrical bodies, the greater the proportion of 
the length to the breadth, the more will be the intensity of the 
extremities. If a eouductor be elongated into a point, the in- 
tensity there becomes so great as to draw to itself, or favour 
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the escape of nearly the whole of the electricity ; hence, wher- 
ever points project beyond the general surface, there is a ten- 
dency in the electricity to pass off from surfaces. If two balls of 
unequal diameters be placed together, the maximum intensity 
of the extreme point of the smaller sphere will be higher than 
that of the corresponding point of the larger, aiid by adding a 
series of balls in contact wth each other, all gradually de- 
creasing in size, the intensity will increase upon the smaller as 
the diameter diminishes. In consequence of this law of dis- 
tribution, a ready dispersion of electricity takes place from all 
bodies of a pointed form, the intensity upon them increasing 
to such an extent, that the suiTonnding insulating medium of 
air gives way before it, and no longer suffices to restrain it. 

The foregoing ecouonues or phenomena may perhaps be ex- 
plained by suggesting that the diflerent or opposite terrestrial 
electricities, which are constantly traversing, diverse ways, 
over the earth, act upon the electric fluids resident in or upon 
isolated bodies, indactng in these static fluids the disposition 
to escape from the substances in question, and join the above 
ever-flowing electric currents. A.s regards the condition of the 
diminishing surface of elongated bodies, it should be home in 
mind that the narrowing end of an isolated conductor has to 
convey the same quantity of electricity as its larger portion, 
and of course the. in-dwelhng electric fluid becomes condensed, 
and is thus rendered more elastically intense, and in this way 
its tendency to escape from or out of the said isolated sub- 
stance must be enhanced. The influence of points in receiving 
and carrying off electricity ia elucidated when a pointed wire 
is held to the prime conductor of the electrical machine, it 
rapidly and silently draws off its electricity, and sparks cannot 
be taken from it, while the point is in the neighbourhood, or 
if we attach a pointed wire to the conductor, there ia the same 
convection of electricity ; and on liolding the hand near the 
point we feel a pecnUar coldness, or wind, as it were, called 
the electric aura : it is often even sufficient to blow out a 
candle held near it. 

285. The electric fluid, like any other element, can be 
accumulated, demonstrating its materiaUty. 

(a.) In charging the Leyden jar, by means of the electrical 
machine, many hundred sparks may be observed to enter it, 
which, upon being discharged, are all concentrated into one, 
hence the brilliancy of ita light, the loudness of the explosion, 
und the acuteneas of the sensation it produces. 
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(6.) Electricity in the doid form. (See proof of in Mr, 
life's experiments, section 54 ) 

(e.) Pyrogen (from the Greek pur, fire, and gennaein, to 
generate). This term has been lately applied to the electric 
fluid, in sapport of its materiality and existence as a 
chemical body. "Water, according to Mr. Lake, consists of 
oxygen, hydrogen, and pyrogen, or electricity ; this pyrogen, 
he suggests, is also in combination with oxides, and it was the 
depriving of potash and magcesia of this principle that enabled 
Davy to reduce them to the metaUic state. It would alao 
appear that it is £i most important ingredient in acids, and that 
it forms ozone (from ozo, I smell) by combining with oxygen. 
Further, potassium, sodimn, calcium, Ac., and many other 
bodies are obtained by the abstraction of hydrogen from their 
oxides, by which means the affinity between them and oxygen 
is destroyed, and they are thus separated. 

This discovery will produce an important revolntioi 
chemical science, for if electricity or pyrogen enters into the 
composition of water, &c., it must also he a constitnent part of 
every body into the formation of which this fluid enters, and 
by analogy must be an ingredient of all other entities. In 
explaining the experiments of Messrs. Schonbein and Gami 
with ozone, Mr. Lake deduces that zinc, nitrogen, and hydro- 
gen, and most probably iron and copper, &c., are not simple 
bodks. He draws his conclusion as regards the metals, firom 
the different Golem's of the flames in the experiments of Pollock 
and others on the ignition of metals iti acid solutions, and in 
respect to zinc, the additional singularity of the odour produced 
by it when used as an electric in obtaining ozone. 

id.) It is found that separate portions of electricity can be 
taken out or off the surfat,e of an excited resinous electro- 
phoms (invented by Volta, 1775), by meanB of a carrier ball, 
which is found to become charged with a certain quantity or 
toodicmn of electricity after each contact, and this charge so 
obtained can be delivered over to a Lcyden jar, and the 
dividends so taken up, by repeated charges of the ball, may be 
afterwards measured or calculated, by observing the length 
aad intensity of the spark ehcited on discharging the loaded jar. 

(«.) When the electric fluid is passing along an insulated 
wire, the electricity can be seen escaping all along its courae 
by induction. 

(/.) As electricity produces mechanical effects upon matter 
(for instance, reducing the strong oak into splinters, and soma 
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substancGH into powder, removing large blocks of stone, drill 
holes in metal veBseia, and occasions earthijuakeB) it must be 
matter, as nothing of an immaterial nature can produce 
mechanical eflecta upon material bodies. 

286. Natural ekctrical ^ft^jioffwina.— Electricity is called 
into action upon a grand scale, in the production of the thunder- 
atonn. Franklin, in 1762, was the first person who proved 
that cloud- electricity was identical with that of the laboratory. 
He erected an insulated iron rod to conduct the electricity of 
the clouds into his house, and performed with it nearly oil the 
esperimenta for which he had before employed the common 
machine ; and that no opportunity might be lost of making such 
experiments, he attached a chain of bells to the electric rod, 
which gave him notice, by their ringing, of the electric state of 
the atmosphere. 

Franklin's discovery led to the apphcation of conductors to 
buildingaand ships. These safety-rods should be jioint^cZ at each 
end and extend— the one extremity — above the highest part 
of a building, and the other should be made to penetrate 
deeply into the earth or be in contact with water. The upper 
point should be made of copper, because it does not ozydise. 
The conducting rod must he large to secure it from being 
melted by the electric fluid. Many persons independent of 
timidity, experience particular sensations and discomfort on the 
approach of a thunder-storm, arising from great sensibility to 
the influence of electricity. The best means of safety from 
Ughtningis.if out of doors, toavoid taking shelter beneath trees. 
When under electricclouds, take a recumbent position upon the 
ground, or shelter under sheds, ca-rta, or any low buildings, and 
especially beneath the arch of a bridge. Avoid rivers and 
ponds, for they are good conductors, and the height of a human 
being when near them ia likely to determine the course of the 
discharge. If indoors, stand in the middle of a large carpeted 
room. We should avoid the chimney, for the iron of and about 
the grate, the aoot that lines it, and the heated and rarefied 
air it contaLos, may serve to conduct the hghtning. Upon 
the aame principle, gilt mouldings, bell-wires, and extensive 
metallic surfaces of any description, are also in danger of being 
struck. In bed we are comparatively safe, for feathers and 
blankets are bad conductors, and we are consequently to a 
certain extent insulated in such a situation. 

The appearance of the sky during a thunderstorm, the man- 
which the clouds assemble, and attract or repel each 
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other, the cucomstance of their risiog against the wind, and^ 
traversing the upper regions of the atmosphere in a variety of 
contrary directions are indicative of the presence of electricity. 

The causes of atmospheric electricity are chiefly vapooriza- 
tion, alterations of the state or form in the varieties of matterrj 
changes of temperature, and chemical action, &c. U 

Another satnral phenomenon, which may be refeiTed U9 
electric excitation, is the waterspout. It appears to result' 
from the electric attraction of a mass of gyratory vapour or 
cloud, acting upon the water beneath. It first causes the ap- 
pearance of a hillock in the ocean, the water is then drawn up 
by electrical attraction in a column towards the cloud, 
gyratory motion of the electric fluids produces also revolving 
colomns designated whirlwinds and sand-spouts. Volcanof 
when first forming have been known to produce water'Spootfl 
and whirlwinds. 

(a.) Falling stars are of electrical origin, but sometimeB theoC 
appearances are produced by aerolites (meteoric stones) also 
called bolides (native iron ores) or fire balls, which are very 
numerous when the earth is pas^ng through the belt of iron- 
stones that revolve round the sun. The origin of these 
meteoric stones were very much doubted, and their existence, 
though attested by the ancients, was derided and even laughed 
at. Chladni, in 1794, was the first man of science that entered 
upon their examination. A showtT of these stones fell in 1803 
at L'Aigle, in Normandy ; of these, 2,000 were collected, some 
of them weighing ITlbs. A meteoric stone was exhibited in 
liondoa 861hs. in weight, which fell in Yorkshire in 1795. 
Another shower fell in Benares, East Indies, some which wei« 
examined by Sir J. Banks. The aerolite recorded by Plutarch, 
and examined 500 years after by Fliny, was said to be as lai^afl 
as a waggon. Another fell in Alsace, I-IST, weighing 2701bt 
The stone found in Siberia, mentioned by Chladni, wei 
l,4001bB. Another was discovered in Buenos Ayres, S.A,. t 
weighed 13 tons, a similar one was discovered in the Bnuals^ 
weighing 1 4, OOOlbs. These stoneschiefiy consist of iron and sdlioa,.] 

(6.) Numerous instances arerecordedof aquautitvofblackand 
red dust as baring fallen, which covered great tracts of lands, 
before and aft«r the descent of these air-stones. 

{c.\ The atmosphere is least electrical during the prevalence 
of North-easterly vhids, and in that state of the air, which 
produces a disagreeable sensation of dryness and cold, without 
a corresponding depression of the thermometer. 
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(d.) Positive electricity is weakest during the night, increases 
with the Biinriae, decreases towards the middle of the day, and 
again increases as the sun declines. 

287. The principal phenomena of the disruptive discharge of 
electricity, depend upon the particles of the dielectric air {not 
having the ability of transmitting the electric influence through 
itself) yet it appears that some of the metallic molecules of the 
surfaces between which the electric fluid passes are carried 
with it in its course. Thus, when a spark takes place between a 
surface of silver and another of copper, a portion of the silver 
is carried to the copper and also a part of the copper to 
tile silver. This fact reminds me of certain mesmeric and 
rubbing manipulation, during which process there is an inter- 
change of the opposite electro-magnetic fluids, which pass from 
the one individual into or upon that of the other, and there is 
also reciprocally exchanged, particular animal elements, as 
shown by the invaKd becoming strengthened and the operator 
feeling oppressed and at the same time inoculated, so to speak, 
with the pains of the patient. 

288. The inatantaniety of the light from the electric spark 
prevents us from seeing the motion of bodies, whatever be then- 
velocity, as recognised when regarding the coloured revolving 
disc, the tints of which by common light cannot be seen, and 
the surface appears aa if white, but by electrical light the 
whirling body seems at rest, and each colour is distinctly 



2S9. Hkctro-dynaniias and other sequents of electrical action. 

(a.) Two parallel currents when directed the same way, 
attract each other, hut when taking opposite routes they repel 
the one the other, 

(6.) All moving elements, of whatever description, must call 
into action electrical results, the operation of which must 
produce local and even distinct changes and phenomena iu the 
economy of Nature. 

(c.) The electric fluid sometimes calls forth a partdcidar 
odour and also a peculiar taste, by forming certain etherial 
compounds with oxygen, which are found capable of acting on 
the nervous system. 

(d.) The taste of positive electricity is said to be acid, and 
that of negative electricity to be alkaline. 

(e.) Ozone is the name given by Professor Schonbein to an 
odour evolved during the process of certain electro -chemical 
decompositions. It is also produced by common electric sparks. 
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and by the working of an ordinary electric machine in the 
(See " Pyrogen " sec. 285, c). It should he remembered that we 
have a distinct portion of brain -matter, the fibres of which 
appreciate odours. Thus, one person can smell a certain 
exhalation, -whilst another individual may be incapable of ever 
detecting it, and this, from his being without the filament or 
nerve-loop that could recognise it. Again, for particular odours 
some individuals may have the fibre too sensitive so that the 
Bcent wilt produce uneasiness, faintness, and even pain, "WIm ~ 
this cerebral development in question becomes congested, 
also when permanently inactive, then the individual so circi 
stanoed becomes incapable of recognizing even the most offen-j 
sive efBuvias. (See article " Sound.") 

(f.) Becquerel, Cross and Fox have by electrical induction Of 
chemical action efi'ected crystallization of mineral bodies, bb 
carbonate ot lime, quartz, arsenite of copper, and carbonate of 
lead, &c., &c., which are insoluble in any fluid which does not 
subject them to immediate chemical change. 

290. Aerial electriciti/.— The electrical conditions of the 
acta readily on the vegetable kingdom, thus, some plants closd^n 
others unfold their flowers on the approach of a storm. In a 
highly electricalstate of the atmosphere, youngshoots of various 
plants have been observed to elongate with extraordinary 
rapidity. Duhamel saw a young stalk of barley grow six inohe^,i 
and a vino-shoot almost two feet during three days of electric 
weather. 

But this element does not appear to be capable of being' 
apphed artificially; though a gentle current, transmitted 
through a plant, seems to increase the exhalation from its sur- 
face, and consequently affects other vital processes. It is not 
unreasonable, however, to suppose that, as the different actions 
occurring in the system may require dissimilar degrees of the 
stimulus, that which is beneficial to some, may be injurious to 
others, and hence it is that the economy in general may not 
be advantageously influenced artificially. Electricity also ex- 
cites certain of the animal functions, and many tribes of living 
creatures are peculiarly affected by changes in the electrical 
condition of the atmosphere ; and almost every human being 
must be in some degree cognisant of them by his feelings. 

The destruction ot life by electric shocks is accounted tor by 
the disturbance of the affinities between the component ele- 
ments of the body, and the consequent immediate aboHtion of 
the vital properties of the tissues (especially the tiervous, 
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seema most affected by this agent) ^hich may take place with- 
out any perceptible change of straeture. In a thunderstorm in 
Xiondon in 1839, the vitality of a large proportion of the eggs, 
■which were being artificially incubated in a machine for that 
purpose, was destroyed. On exaraination, the yolk-bag was 
found to have hurst in the more advanced ; and the vessels of 
the vascular area were perceived to have been raptured in those 
of an earlier stage. The bodies of animals killed by lightning, 
or by artificial discharges, become more rapidly putrified than 
those of which life has been destroyed in other ways. Certain 
electrical and vital principles in animals prevent their being 
roasted alive, and flesh procured from recently killed animals, 
13 much longer cooking (independent of its juices) than that 
which has been hung up for a period. 

391. During togs, and in the commencement of the falls of 
snow, I have, says Humboldt, seen through a long series 
of observations, the previously positive electricity rapidly 
pass into the negative condition, both on the planes of the 
colder zones, and in the Paramas (deserts) of the Cordilleras, 
at elevations varying from 11,000 to 15,000 feet. I'he alter- 
nate transition was precisely similar to that indicated by the 
electrometer, shortly before and during a storm. "When tlia 
vesicles of vapour became condensed into clouds, having definito 
outhnes, the electric tension of the external surface will be 
increased in proportion to the amount of electricity which 
passes over to it from the separate vesicles of vapour. Slate- 
grey clouds are charged, according to Peltier's experiments at 
Paris, with negative, and white, red, and orange -col cured 
clouds, with positive eleptricity. The negative electricity of 
the air, near high water-falls, is caused perhaps by friction and 
the disintegration of the drops of water. 

292, Detection of the presence of Electricity. — An electrified 
ball placed in the centre of a large room, and equally removed 
from all surrounding objects, having irregularly formed con- 
ductors, electi-ified the particles of the air, and was detected 
by Faraday to a distance of 26 feet. 

[a.) After breaking a roll of sulphur wo shall find a charge 
of electricity upon its two surfaces, and if we pound it in a 
dry mortar and pour the'fragraeuts upon the glass of an elec- 
trometer, the leaves wQl diverge very forcibly, aud if we renew 
the contact with fresh surfaces on a different plate, we shall 
find that it is not easy to deprive it of the whole quantity of 
free electricity it has thus acquired. 
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'6.) Electrical clouds. — I>iiriiig a thunder atorm certain 
clouds are seen sailing in opposite directions, some attracting, 
others repelling their opponents, some glide with the wind, 
others against it, and when two come within striking distance, 
a stream of electricity passes, thunder is heard, equihbiium is 
restored, and then the clouds sail together before the wind. 

(c.) The air — especially w^hen dry — is a had conductor of 
electricity, hence its retention on the earth's surface. 

(d.) The burr on both sides of a card is occasioned by th( 
passage of the opposite currents ot electricity, the electri 
f uid also acts laterally, so ajS to thicken and shorten bodies a 
eighth or ninth along which it passes. 

(c.) The electroscope is inactive in a wood, the conducting 
leaves and vegetation operating so as to annid the electro-_ 
magnetism of the atmosphere. 

(/.) There is no thunder and lightning within the arctic o 
northern circle. 

(ff.) When a capillary tube is filled with water and fitted 
into a pMal, also containing this fluid, and both are fi-ozen, 
a, flash of light proceeds from the tube. When different kinds 
of crystals 'are formed, flasTies in like manner proceed from 
them. Again, when water is congealed into hail in the 
atmosphere, great electrical phenomena take place, and this 
storm is usually accompanied by flashes of hghtning. 

293. Evidetices of two electric fluids. — If the wire carrying 
the current flowing from the machine, is passed over paper 
covered with a solution of nitrate of silver, it produces no 
change in it ; but if the wire which conveys the stream to the iu- 
Btrument, when it is excited, be passed over the same paper, the 
BaJt of silver is decomposed. Negative electricity forma a round 
black spot on a paper charged with iodide of silver, but positive 
electricity developes a violet discolouration, in a radiated form, 
in all the filaments of the paper, amongst which it is diffused. 

(a.) Gravitation is but a residual and comparatively feeble 
effort of the electrical energy, and the abihty which electricity 
displays in effecting chemical combination, or separation, 
demonstrates that it really binds or loosens the atoms of which 
material bodies are composed. 

(i.) Contrasted iivitb magnetism, electricity is cold and 
negative. The electric fluid is mostly evolved from evaporatioiL 
and chemical decomposition, aud often emanates from l' 
mineral beds of tlie earth. Again, whenever the temperatiu 
of the atmosphere is cold electricity abounds. 
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(c.) Bodies that conduct electricity possess in themselves 
but little of tliia fluid in their corapoaition, on the eontra>ry 
those aubatancea that do not conduct electricity contain this 
element in abundance, 

(d.) Matter, of cYOry kiml, is continually in motion, this 
activity, by excitation, changea the relations which eubaiat 
between the particles of bodies, and it ia by these mntations 
that electricity is developed and evolved. 

(a.) A highly electrified body v?hen held near the cheek, gives 
the sensation of being touched by a cobweb, or resembles the 
impression produced by the near approach of the fingers of 
the mesmerise r. 

(/,) On rubbing or exciting a particular substance, we 
impel into vivid action its natural inherent electricity, and 
when we present this stimulated body to another in its normal 
state, we arouse into operation the electricity resident in or 
upon the latter. 

(g.) Electricity acts— as regards intensity — on bodies 
according to the squares of their distance from each other, but 
if millions of iriiles intervene between subatances, this fiuid 
BtUl operates upon them. 

(h) A person can be loaded — when standing on a glass- 
atool— with electricity, so that his finger, when applied, can 
light escaping coal gas, yet this individual so charged does 
not feel its presence and his pulse is not hastened by a single 
beat. 

(i,) Frictioual electricity can ba detected aa it passes across 
the room by placing a needle on the electrometer ; the effect 
3SS on arranging the point towards the machine than when 
directing the head that way. 

'(j.) The same quantity of electricity heats eg!(a% a thousand 
inches of wire aa it does one. This fact tells moat positively 
inst the Ih'-ory of tho quantity or amount of motion expen- 
ded or " work done." 

(fc.) Dust or the small particles of bodies, discharges elec- 
tricity like points. 

(/.) The electric fluid that acta by induction : traverses 
space in curved or ellipsoid lines. 

(wi.) Heat produces no variation of the quantity of elec- 
tricity required to effect a discharge across a given interval. 

(».) The electrical spark varies in colour according to the 
media it is passed through ; thus, ia air it ia bluish, in nitrogen 
purple, in oxygen white, in hydrogen crimson, and in carbonic 
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acid green ; and the soimd produced by the spark, also variea* 
when brought forth in different gases (See section 283). 

(o.) Tyndfdl suggests, that hy friction, the two electric duide 
are tora asunder, the one clinging to the rubber and the other^ 
to the body rubbed. 

(p.) People killed with lightning suffer no pain. 

(g.) In addition to the electricity from friction and by induc- 
tion we have, lat. Electricity from the contact of dissimiliar 
metals. 2nd, From the juncture of hquids ■withmotallic bodies. 
3rd, By the contact of two substances varying in character. 
4th. From chemical action as in voltaic electricity. 5th, Heat 
applied to dissimilar metals produces a continuous flow of 
electricity, also in heating and cooling certain crystals as in 
thermo-electricity. 6th, The motion of magnets and bodies 
carrying electrical currents, produce electricity as in magneto 
electricity. 7th, Rubbing of sand poured on a metal platoS 
8th. The friction of condensed water particles against 1 
safety-valve or bos-wood nozzle, as attached to Armstrong'^ 
hydro-electric machine, but this latter electricity (that i 
enormous in quantity,) is mostly contained in the steam, whidl 
is a compound of water, heat, and electricity, 

(t.) a current of electricity produces, 1, chemical actioia 
2, heat, 3, light and magnetism, 4, dynamic effects, as u 
mechanical and natural motion of materials. 

(s,) According to Lord Stanhope, there is a return strokl 
after an electrical discharge (action and reaction always beio) 
opposite and equal). This return stroke in the case i 
lightning often proves fatal, even it is said, when from a greaj 
distance. 
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294. The electrieity resulting from heat, as made known by- 
Mr. Seebeck in 1832, is that electrical aeqneut which can be 
readily escited forth in all metallic bodies, by disturbing the 
equihbrium of their temperature, the essential condition being 
that their extremities should be in opposite states aa regards 
temperature. When two different metals, as copper and bis- 
muth, are soldered together, an electrical current is developed, 
On heating the point of juncture of the two metals with a 
spirit lamp, or when part of a metallic bai' is heated and the 
other left cool, an electric current is generated in its substance, 
which may be rendered evident, and its direction ascertained 
by the electrometer, 

(a,) The thermo-electric properties of the metals have no 
correspondence either with their voltaic relations or abiUties 
to conduct heat or electricity, neither do they accord with 
specific gravity, heat of composition, or atomic weights. They 
are, however, upon the whole, more evident in those metals 
which are moat crystalline in their texture. In some cases, 
as with zinc and silver, the current of electricity increases up 
to a certain temperature of 250°, it then ceases, and on 
increasing the heat re-appears in a contrary direction. 

(6.) Tharmo-electric circuits may be formed with substances 
of lower conducting abiUty than the metals, as with cyhndera 
of porcelain clay, 

(c.) MeUoni constructed a thermo-electric pile of thirty-six 
pairs of small plates of bismuth and antimony, and attached 
to it a sentient galvanometer ; it was so susceptible of changes 
of temperature, and, therefore, so delicate a thermascope, aa to 
be affected by the warmth of the hand, held at a considerable 
distance from it. 

{d.) The thermo-electric current will occasion convulsions 
in the limbs of a frog, but is inadequate, in its primary state, 
to affect any kind of chemical decomposition. 

(«,) When a weak electric current is transmitted through a 
bar of equal length of bismuth and antimony soldered to- 
gether ; from the antimony to the bismuth heat is evolved at 
the point of juncture, but if in the contrary direction, cold is 
the result. 
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295. The phenomena resisting from the evotution of 6l( 
tricity by chemical operation are manifested in the action 
the voltaic hatteiy, and also when two different metals 
brought in contact. The existence of the electric current 
its direction may be rendered evident in various ways ; 
most Btrikiug is, perhaps, afforded by the galvanometer 
vented by Ampere, 1820), which is a magnetic needle poii 
upon a point, like the sailor's compass. 

In 1790, Galvani of Bologna discovered* that electric eparktf* 
taken in the vicinity of a recently killed frog, produced spasma 
of the muscles; and it was soon afterwards found if the sciatic 
nerve of the same animal be laid hare, and touched with 
piece of zinc, whilst, at the same time, the mnscle is pli 
in contact with gold, similar effects to those of electricity 
produced whenever the metals were brought into junctio 
connected together by conductors. If non-conductors were 
used to join the metals, no spasm ensued. It is found that 
cold-blooded animals retain this kind of excitabihty longer 
after death than other creatures ; and they are ohseiTed to be^ 
affected by states of electricity so feeble as not to be indicat 
hy the most delicate electrometer. When a live flounder 
placed in a plate, with a slip of zinc under it, and a piece 
silver on its back, it will be seen that on connecting the t' 
metals by means of a bit of wire, that at each contact etro] 
muscular contractions are produced. If a piece of silver 
placed upon the tongue, and a plate of zinc under it, no effect 
is observed whilst the metals are kept apart; but if their 
edges be brought into contact, we immediately perceive a 
sahne taste, also a very slight electrical shock, and often 
flash of light appears before the eyes. This experiment 
known to Snlzer fifty years before Galvani's discoveries. 
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* TMb eipeiimeDt was first noticed in 1789 by Signora QalTani n 
preparing aome frogs, lo make a stew with, for a sick fiiend, and she pt 
ont the fact to the professor, lier hnabanti. 
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Again, if two metals be allowed to touch each other, whilst 
the tongue is intervening, it will be found capable of deflect- 
ing the magnetic needle. In reference to electrical excitation 
by the contact of different metals, immersed in very dilute 
acids, it is found that the most osidisable metals is always 
positive in relation to the least oxidisable, which is negative, 
and the more opposite the metals in these respects, the greater 
the electrical effect. Here we have presumptive evidence in 
favour of a chemical cause as the source of electricity, for it 
is not produced by the most diasimilar conductors either of 
heat or electricity, but by those which are most opposed in the 
facihty with which they are acted upon by oxydizing agents, 
and it will be, moreover, found that upon this cJiemical action 
the direction of the current entirely depends. So that, tor 
instance, if copper, in contact with iron, he placed in dilute 
sulphuric acid, the osydiaing agency of such aqueous acid 
■will he limited to the iron, and the electric current will be 
from the iron to the copper ; but if we substitute a solution of 
aulphiiret of potassium for the sulphuric acid, the chemical 
action will then be greatest upon the copper, and the direction 
of the electric current will be reversed. 

There are two circumstances which materially interfere with 
the quantity of eieotricity put into motion. The one is the 
size of the plates, and the other the imture and strength of the 
interposed acid or Uquid ; or, in other words, the nature and 
energy of the chemical action. By increasing the superiicee 
of the plates, the extent of the chemical action of the inter- 
vening fluid is enhanced, and the quantity of electricity pro- 
portionately augmented ; and in the case of zinc and dilute 
sulphuric acid, the more rapidly the zinc is oxydised, and the 
oxide removed, so as to expose successive new surfaces to the 
agency of the intervening acid, the gi-eater is the quantity of 
electricity which traverses the circuit. 

Eiectro-galvauism overcomes the most able chemical attrac- 
tions, as shown by Davy (in 1807), who submitted the fixed 
alkalis, which were considered at one time as olementaiy 
bodies, to the agency of the galvanic current, and was fortunate 
enough in tliis, his first trial, to obtain from them new 
elements ; at the positive pole oxygen was evolved, but bril- 
liant metallic globules appeared at the negative pole, extremely 
inflammable, and which were shown to be the bases of those 
bodies. The names potassium and sodimu were given to these 
new and singular metals ; and by analogically applying these 
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pbenomeiia lo the decomposition, of the alkalis to that of the 
eartlis (also then on the list of elements), they hkewise aSorded 
evidence of decomposition, and, lite the alkahe, were shown 
to be combinatious of peculiar metals with oxygen ; thus, the 
metal calcium was discovered to be the base of lime, &c. Mr. J 
Daniel, with an able battery, formed by the galvanic current I 
a continuous arch of flame, between two piecea of charcoal, ^ 
three -quart era of an inch in length ; this flame was dangerous 
to the eye, even if protected by coloured glasses producing 
when reflected from an imperfect parabohc mirror in a lantern, 
inflammation and scorching like that of the sun; the rays 
were collected into a focua by a glass lens, and readily burned 
paper at many feet from their source. No spark could be 
made to pass from one electrode, or pole, to the other (even, 
when only separated by the smallest stratum of air). The 
arch of the flame was attracted and repelled by the poles of a 
magnet. The intensity of the heat on the side of the positive 
pole was much gi-eater than that of the negative. J 

296. Effeetsof ilie galvanic current on the magnetic needle. — •! 
Every part of a wire when in connection with two oppoBitdH 
plates of a galvanic battery, is capable of exerting a very able 
action upon the magnetic needle, If the needle be allowed to 
take its natural position, under the directive influence of the 
earth, and the wire is placed above it in a parallel direction, 
the end which points to the north being directed towarda the 
silver plate of the battery, that end will move towards the 
west, and the needle will tend to place itself across the wire ; 
but if the wire be placed below the needle, the same pole will 
move eastward, and across the wire in the opposite direction. 

297. Identity of voltaic and common eiectrictiy.— Faraday 
has arranged electrical phenomena for the pui-pose of this 
comparison under two heads ; namely those with electricity of 
tension or intensity, and those connected with electricity of 
motion; the former includes attractionB and repulaiona at 
sensible distances ; the latter (or the effecta of electrical cur- 
rents) includes the production of heat, magnetism, chemical 
decomposition, and physiological phenomena. Electricity in 
motion through the voltaic apparatus, produces heat, mag- 
netism, chemical decomposition, shocks, and under certain 
conditions, sparks. 

298. Effects of galvanism ott tlie animal system. — Humboldt 
brought on severe inflammation by applying the current to a 
fimall wound, and Volta asserts that the negative wire conunu- 
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nicates the greater paiu. A flash of light is perceived by 
covering the bulb of the eye with tinfoil and forming a metallic 
communication with the mouth. Berzelius found an acid 
taste on dipping the tongue into a zinc vessel containing water, 
which was placed on a silver stand, by touching the silver with 
hia hand, so as to completQ the circuit. If the negative pole 
is communicated with the tongue, its taste ia caustic and 
alkaline. 

(it.) When the battery is applied to a nerve of a person re- 
cently dead, and the circuit is completed, several violent 
motions ensue, dependent upon the relative position of the 
nerve and muscles ; thus, if the wire communicates with the 
phrenic (from pkrenes gr. the diaphragm or midriff) nerve, the 
muscles of respiration are set in motion, when the ulnar nerve 
of the arm and spinal marrow is included in the circuit, the 
fingers are set in quick motion, &c, 

(6.) "When the secretion of gastric (from gaiter, gr. the 
stomach) fluid was suspended by cutting the eighth pair of 
nerves, the digestive fluid was restored by estabhshing a gal- 
vanic current through the divided parts of the nerves nest the 
stomach. 

(c.) Each pole of a battery excites particular phenomena in 
organs of the body to which it is applied. The positive pole 
more particularly influences the muscular and vascular Bystems, 
while the negative pole especially affects the nervous system. 
At the positive pole there is felt the shook, also strong move- 
ments, likewise a feeling of concentraiion and coniraotioQ, 
increased warmth and mobihty of the part, with gradual 
diminution of the secretion and sensibility. At the negative 
polo the pain and sensitiveness are stronger and more acute, 
the organ expands and is very irritable, while the muscular 
action and mobility are lessened. The difference of their 
action on the secreting energies is best seen by applying the 
respective poles to a surface which has been recently deprived 
of its cuticle, such as where a blister has been produced. The 
positive pole changes the serous secretion into that of lymph, 
which at last becomes thready ; the part inflames, drys up and 
then heals. The negative pole causes an abundant secretion 
of a dark-coloui'ed, highly acrid fluid, which excoriates the 
skin over which it flows, the part also experiences an enduring 
irritation. Relaxed swellings are rendered harder, should they 
not become inflamed by the positive pole, while frequently by 
the negative pole they are dispersed and resolved. 
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(d.) Electrical ourrcnts appertaining to mittcral veins. — 'By 
inserting into the mass of a copper lode a metaUic wire, which 
shall be connectsil with any measurer of a galvanic action, 
and a second wire also from the instrument being in contact 
with another lode near it, an immediate effect is generally 
produced, showing that a current ia traversing through the 
wires from one lode to the other. The currents thus detected 
are often sufficiently active to ably deflect a magnetic nee( 
and to produce alow electro -chemical decomposition and 
render a bar of iron magnetic. 

{e.) There ia a rapid absorption of oxygen around every 
galvanic apparatus, as appears by inunersiug a glass jar over a 
pile, and the an- so disappears that the water rises and the 
oxygen of the air is gone. In this respect the galvanic action 
resembles combustion and respiration. 

(/.) The zinc of a battery is the generating metal of the gal- 
vanic fluid and copper the receiving. The electricity passes 
with the sun from east to west, or from the positive to the 
negative poles. 

(fir.) A telegraph can be formed by sinking a copper and zine 
plate deep into the earth, and being connected with wires, 
the circiut will be completed through the damp earth, and 
this to any distance. 

(h.) Acids can be made through the agency of electro-gal- 
vanism to traverse alkaline solutions, without combining with 
them, and vice versa. 

(i.j It is to Professor Volta, of Pavia, in 1800, we are in- 
. debted for the first voltaic pile and the discovery of an electric 
excitement bemg the result of the contact of two dissimilar 
metals, by the meeting of which natural or comvion electricity 
was decomposed, the positive fluid passing to one metal and 
the negative to the other, showing that the muscle of a trog 
was merely a conductor. 
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IaCTB touching the MiTERlALITY OF THE MAGNKTIC ElKMKNI'. 

299. Historical detmli relative to tlie discovery and iise, of the 
•magnet. — ^There are certain native oxides of iron that are 
termed "magnetic iron ores, whicli have tlie property of at- 
tracting iron fihnga. The Greeks called this mineral magnetos, 
from the name — as it is said— of a shepherd, who first observed 
its attractive phenomenon. The adducent property of this ore 
"Wfts referred to by Homer, Aristotle, and the Arabians. Pliny 
deecribes this mineral under the name magiies, a term sup- 
posed to be derived from Magnesia, a province of Lydia, where 
the ore abounded, and was known to the Greeks 1,000 b.C 

There ia an account of the magnet in the Chinese dictionary 
A.D. 121. Ships were steered by the Cliinese sailors a.d. il9. 
We liave some curious descriptions of the Icading-stonc or load- 
atone, in the works of an Icelandic historiain, who wrote in 
1068. The mariner's compass is also described in a French 
poem of the date of 1181, and from Torfceci's History of Nor- 
way, it appears to have been known to tlie northern nations in 
1266, and to Eoger Bacon in 1294. Vasco de Gama, a Portu- 
guese navigator, employed the compass in 1497, in his first 
voyage in the Indian seas. 

The discoveries of Oersted, Arago, and B'araday have estab- 
lished a more intimate connection between the electric tension 
of the atmosphere and the magnetic tension of the earth, 
"Whilst Oersted Eoticed that electricity excites magnetism in 
the neighbourhood of the conducting body, Faraday's experi- 
ments have elicited currents from the liberated magnetism. 
Magnetism is one of the manifold forms under which electricity 
reveals itself. The ancient presentiment of tlie identity of 
electric attraction, has been verified in our own times. " When 
electnim" (amber) says Pliny, "izajiimated by friction and 
heat, it will attract bark and dry leaves, precisely as the load- 
stone attracts iron." The same words may be found in the 
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literature of an Asiatic nation, and occur in an eulogium on I 
the loadstone by the Chinese physicist Kuopho. Thus he 
states that — "The magnet attracts iron as amber does the 
smallest grain o£ mustard seed. It is like the breath of wind 
which mysteriously penetrates through both and communicates 
itself with the rapidity of an an-ow." These arc the words of 
Kuopho, a Chinese paJiegyrist on the magnet, who wrote in 
the beginning of the ith century. 

The incessant change, or oscillatory motion, which we dis- 
cover in all magnetic phenomena, whether in those of the 
inclination, declination and intensity of these energies, accord- 
ing to the hours of the day and night, and the seasons, and 
the com'se of the whole year, leads us to conjecture the exist- 
ence of very vai^ious and partial systems of electric currents on 
the surface of the earth. 

300, If a bar of tempered steel be rubbed in a certain 
direction with a loadstone, it is itself rendered permanently 
magnetic, and acquires properties siniOar to those of its source. 
No other metal, except nickel and cobalt — not even soft iron 
— cBJi receive and retain pervuincnt magnetic properties. 

(a.) The most obvious qualities of the magnet are, 1st, 
polarity ; 2nd, attraction of iron ; 3rd, repulsion and attrac- 
tion of another magnet; and 4th, the production of magnetism 
in iron by induction or investiture. 

(b.) Polarity. — If a slender bar, or needle of steel, rendered 
magnetic, be poised on a central point, or suspended by a 
thread so as to have free motion in a horizontal plane, and to 
be uninfluenced by neighbouring iron bodies, it will for a time 
oscillate to and fro, and ultimately settle nearly north and 
soiUh; this is caUed the magnetic iiieridian, and constitutes 
magnetic polarity, and the ends of the needle are called north 
and south poles. 

(fi.) Mariner's compass. — This instrument wastnown to the 
Chinese 1115 B.C. Their method was to place it on a small 
piece of cork and set it to float on water. The compass was 
brought to Europe by Marco Polo, a Venetian. Flavio Gioja, 
of Amalfi, a navigator of Naples, is said to have introduced 
the suspeusion of the needle in 1302. Its variation was first 
discovered by Columbus 1492. The compass-box and hanging 
needle were invented by Y/ilham Barlowe, an Enghsh philo- 
sopher, 1608, The measuring compass was invented by Joot 
Bing, of Hesse, 1602. According to the purposes to which 
this instrument is applied, it becomes the azimuth compos 
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the variation compass, and the mariner's compass. Belative 
to this latter, Guyot ds Provence, ia the 12th century, speakB 
of the loadatono, to which he gives the name of tnarinetti, 
Of mariner'a stooe, as useful to navigation. 

(d.) Attraction of iron. — On bringing either pole of a magnet 
near a small piece of iron, it will he attracted ; and 11 iron 
filings are used, they will cluster about the poles. From the 
Way in which the filings adhere to a magnet, it is found that 
the great attractive abihty is near the extreme ends, as at its 
poles, and that it diminiahea towards the centre, at or near 
which no attraction exists. These attriietiona are, of course, 
fnutual ; that is, the iron attracts the magnet, and vice mrsa. 

(s.) Attraction aiul repuUion of aiwtk^r magnet. — If we 
bring the pole of a magnet near another which is poised, it 
"vwill be found that if two si/milar poles be presented to each 
other, they exhibit a mutual repulsion; but the two dissimilar 
J>o1b'3 mutually attract each other. Here, therefore, we 
cshaerve an analogy between magnetism and electricity, inas- 
much as between similar energies there is repiil*Um, and between 
*:iissimilar controls, attraction. 

(J.) Magnetic induction. — If a bar of iron be brought near a 
amagnet, the iron acquires temporary, or induced magnetism; 
ejid here, again, analogy to electric induction will be observed. 
^H we heat an iron bar up to bright redness, and then bring it 
near a magnetic needle, it will not affect it ; but as soon as it 
is cooled down to a common red heat, the magnetic ability 
gradually returns, and is stronger than in the cold iron ; but 
there is one particular period during cooling — between the 
white and red' heat — at which the mduced polarity is inverted, 
or in whichthe iron attracts the needle the contrary way to 
what it does when cold. We also find that the permanent 
magnetism of a steel needle is diminished by a moderate heat, 
and that a red heat totally destroys it. 

301 . It is obvious, from the position assmned by the magnetic 
needle when freely moving in a horizontal plane, that there is 
some attractive energy in the earth, which causes it to assume 
a constant direction, and that what we have termed the north 
pole of the magnet, is attracted towards the north pole of the 
earth, and its south pole by the south pole of the earth, and 
hence it is inferred, according to the above stated law of mag- 
netic attraction, that the poles of the earth are in an 
opposite magnetic state to those of the needle. But the earth 
has also a further influence upon an artificial magnet, for in 
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our northern latitudes the Qorth pole of the suspoiidod neediM 
is attracted tiownwardi as well as to the north, and asaiunes a 
position aimoat vertical, this inclination from tlie iiorizontal 
plane ia called llie dip of tlie magnetic needle. When a bar of 
iron is held nearly vertical, its ends are no longer indifferently 
attmctive of a poised magnet ; but (so long as it coDtinue& in 
or near that position) it is polar, the lower end of the bar being 
a north pole and the upper end a south pole, and it affects the 
magnetic needle accordingly. We now need only place the 
bar in a homontal position, and both ends attract indiflfereatly 
the poles of the needle ; or, in other words, the induction of 
the earth is neutrahzed and vanishes. It is not uncommon to 
find bars of steel, which have long remained in a vertical 
position permanently magnetic, that is, polar, this is often the 
case with the poker and toiigs. Thei-e ia a mode of making a 
ma^et dependent upon the same cause, which consists in 
holding a bar of steel hi the direction of the uia^etic dip, aiict 
Btrikiiig it whilst in that position a few smart blows with a 
hauuiier; the upper and lower ends then become south and 
north poles. If a bar of steel already ma^etised, and not in 
Uiis position, be similarly treated, it loses its magnetism. 

(a.) The magnet, like the charged electrical conductor, loses 
none of its original abUity while communicating this induced 
GDei^'. but. on the contrary, it has its own stat« exalted by 
the rractioa of the opposite energy it thus defelopes. 

(b.) If we fracture a magnet or loadstone into any number 
of paec«s, each frf^meut ^TiU be a perfect magnet widi contrar>' 
poles. 

fr.) When the poles of a magnet is not in use they are 
coonected together by a piece of soft iron, that is called the 
ketper. by which their enei^es are preserved unimpaired, in 
(act they become incre«setl by escitiug reacticm in the magnet 
by completing the circuit. 

(d.) Mr. Scarby's groat magnet rendered an iron nail weighing 
500 grains magnetic by indacUoD. at a distance of 11 inches, 
BO that it supported another piece of iron weighing 3S9 grains. 
> sustaioed a d^ weighing 194 grains tJuxttfk a slab of 
a sevwi-eightbs of an inch thick. 
t ft.) It appears bom the I&test researches to be pn>bable that 
9 mmf be mon than one magnetic poU m Qttb«r hernia- 
phcBS. lite magnetic equator, tuoreover. doea Dot exactly 
PO t n-T*" with the tOT«elnaI eqoator, bat appi;ais to be in an 
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{f ) The direction of the needle varies even in the same 
place, thus, in the beginning of the 17th century, the needla in 
Loiidoii inclined a few degreea to the eastward of the true 
north, but in 16S9 it pointed exactly north, and after this hne 
of no variation, began to travel slowly westward, and has now 
passed over to North America. The noodle is also subject to 
diurnal vajiations of small amount, thus the needle attains 
its maximum of easterly variation between seven and eight in 
the morning, it then moves westerly until about two p.m., 
when it attains its westerly masimnni, it then returns easterly 
again till the evening, after which a slight westerly motion 
succeeds, and thia is followed by a return easterly durii^ the 
uigbt. The greatest amplitude takes place in England during 
June, July, and August. These variations doubtless depend 
upon changes of temperature. Eobert Norman, 1576, first 
noticed the dip of the magnet ; he previously to magnetizing 
the needle accurately balanced it on a pivot, after it became a 
magnet it could no longer be poised on the same point without 
attaching a small weight at the south extremity. 

A needle will become magnetic when exposed to the violet 
ray of the spectrum. Captain Ross, 1831, reached a spot in 
North America in the polar seas, which had been calculated 
to be the position of the magnetic pole. There he found 
the dip of the needle to be very neavly vertical, and compass 
needles suspended in the most delicate manner exliibited no 
polarity. 

(g.) A scarabeus or sacred beetle, made of loadstone, was 
found in an Egyptian mummy (from w^^lm, wax), which, although 
upwards of 4000 years had elapsed since it was taken from 
the rock, still retained its attractive magnetic virtue. 

fft.) The magnetic energy is aot sensibly affected by the 
interposition of any substance, except those containing iron or 
Bteel, it attracts equally through glass, wood, paper, water, or 
in the exhausted receiver, 

(t,) Small natural magnets will sustain more than large ones 
in proportion to their weight. It is rare to find a natural 
magnet weighing 20 or 30 grains, -which will lift more than 30 
or 40 times its own gravity, but a minute piece of natural 
magnetic ore, worn by Newton in a ring weighing three grains, 
lifted 746 grains, or nearly 250 times its own weight. 

(;'.) A ship in the middle of the Atlantic being struck with 
lightning, had the polarity of all her compasses reversed. 
This being unknown, fclie ship was directed as usual by the 
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compass, until the enauing evening, when the stars sbowi 
that the direction was in the exactly opposite courss fri 
what it was intended, 

(k.) In repeating Mr. Somervill's experiments {of expoE 
needles to the violet rays of the spectrum and hlue glass, &c 
M. Baumgartner discovered that a steel wire, some parts 
which were pohshed, while the rest were without lustre, bo^ 
came magnetic by exposure to tlie white light of the 
north pole appearing at each polished part, and a south poli 
at each unpolished portion. The effect was hastened by 
centrating the solar rays upon the steel wire. In this way may 
be obtained eight poles in a wire eight inches lo ~ 

not able to magnetize needles perfectly oxidated, or completel] 
pohshed, or having polished lines in the direction of theff. 
lengths. Professor Barlocci found that an armed natural mag- 
net which could carry 1^ Roman pounds, had its energy nearly 
doubledhy 24 hours exposure to the strong light of the sun, 
M. Zantedeschi found that an artihcial horse-shoe magnet 
which carried 13^ oz., sustained by three days exposure 17 oz., 
and at last supported 31 oz. by continuing the sun's light. 
He also noticed that while the ability increased in oxidated 
magnets, it dimhiished in those which were not oxidated, the 
diminution becoming insensible when the magnet was highly 
polished. He now concentrated the solar rays upon the mag- 
net by means of a lens, and then found that both in oxidated 
and polished magnets they acquire strength when their north 
pole is exhibited to the sun's rays, and lose ability when tha. 
south pole is exposed, 

(I.) If a horse-shoe shaped bar of soft iron is rendered mi 
netic by the circulation of an electric current around it, 
its two ends are united by an armature also of soft iron ; while 
the current is passing it is capable of supporting many hundred 
pounds. It wUl likewise he found that a considerable weight 
may be supported when the current is stopped, provided tl 
armature is carefully kept in contact, and it will retain tl 
abihty for many years ; but remove the armature (the piece 
iron connecting the ends of the curved bar of hon) and it im-' 
mediately loses all magnetism, and will not now support even 
the armature itself. This fact appears to confirm the idea 
that magnetism is due to the retention of electricity, and that 
steel possesses the property of equalizing the opposing energies 
or rather the ever-flowing magnetic current of the earth, 
which was established or brought by induction into plsffi 
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P^i'iiJst the stream of electricity was passing tlu'ough the iron 
B'***"<:sle, was brokea by moving the armature. 
B C'*^*.) The attractive ability of the magnet is less in the tropica 
^*^^».:»zi when we approach the poles. The greatest attractive 
B"**-^ argy on the earth's surface, according to Robs, is at the south 

P C'^-) In artificial ma^etism the efiect is as the surface, and 
* *^^fc as in electrical conductors, a hollow magnet and a sohd 
^*:*-^ of equal surface has a similar abiUty of lifting a piece of 
*»^c>ii, Ac. 

^o.) Davies, in his history of the compass, has proved that 
^*^e> Chinese used it under the name of Tche-chy (directing 
'^ttime) 2604 years B.C. 

(jj.) On rotating a 13-inch mortar shell and other bodies by 
**»-eajis of a lathe, it deflected the needle, and on reversing the 
■**»otion the compass was turned in the opposite direction. 

{g.) "While the cholera was at it height in St. Petersbui-gh, 
^lie action of the magnet was nearly neutraUsed. A magnetic 
t*lock which used to carry 80]hs. would not support 131bs. 
-Purther, the electro -magnetic telegraph would not act, but 
"^when the epidemic ceased the magnets assumed their usual 
ability. 

(r.) The metal lodes that run north and south are always the 
porest and richest. 

(s.) The compass is protected from the influence of an iron 
ship by placing soft iron near its compartment. 

{t.) Oxygen that is strongly magnetic, becomes diomagtietic 
when heated ; nitrogen that forms four-fifths of the atmosphere 
is in one sense liie a vacuum, it is neither polar or para- 
magnetic nor diamagnetic. 

(m.'( a magnetised needle suspended by silk acts like the 
Compass when held over a magnet, and dips at the north and 
Boatfa polea. 
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therefore, to revolve round the electnc ciuTent ia a dh-ection 
from east to west, or from right to left. These reaulta led 
Faraday to conceive that the pole of the magnet ought to re- 
volve about the electric conductor, and the latter round the 
pole of the magnet; his after experiments proved that this was 
the fact, and from that discovery a great variety of rotatory 
elaetro-magnotic apparatus baa been contrived, in vrhich the 
electric and magnetic currents are mutually made to produce 
the revolutions of conductors about each other, and rouud their 
ovni axes. 

Terrestrial magnetism. — All the principal effects of ten-estrial 
magnetism may be Imitated by distributing a vfire round the 
surface of an artificial globe in a spiral direction from the 
equator to the poles, the two extremities being turned inwards 
and brought out at the two axes by which the connection may 
be made vrith the battery. Amagnetic needle properly suspended 
in different situations near such a globe, will arrange itself in 
positions analogous to those actually assumed by the dipping 
needle in corresponding regions of the eai-th. 

The above experiment most positively proves that there are 
polar and equatorial currents of the electro-magnetic fluids 
constantly traversing around tlie globe we inhabit. 
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306. The production of electricity by magnetism is the con- 
verse of electro -magnetism ; for the knowledge of this electrical 
science we are exclusively indebted to Faraday. 

In the statements relative to electro -magnetism, it is evident 
that magnetism is produced by electricity in motion ; from this 
fact it occurred to Earaday, that magnetism in motion ought to 
produce an electric current, and he succeeded in verifying this 
conclusion as follows : a long, spiral coil of copper- wire, covered 
vrith silk, was connected by its extremities with the galvano- 
meter, the deflection of wliich would of coui-se announce a 
current of electricity in the spiral and wires connected with it. 
He found that in the act of introducing the pole of a bax- 
magnet within the coils of the spiral, a deflection of the 
galvanometer took place in one direction, and in the act of | 
withdrawing the bar it took place in the opposite course, t. 
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energies. Thus, he demonstrated tliat luminous rays could be 
magnetised and attracted like ponderable matter, and he also 
showed that imdulatory controling magnetic lines could produce 
illumination. He fmiber proved that all kinds of matter were 
ma^etic. Thus, he demonstrated that every substance placed 
between the poles of an eEBcient magnet, is influenced in one 
of two ways : it either takes a position coincident with the 
polar magnetic energies, as is the ease with a bar of iron, and 
other bodies usually called magnetic, or it places itself at right 
anglps to the line of these polar energies, as is the case with a 
bar of glass, of bismnth, and apparently of every other body ; 
the former of these substances Mr. Faraday distinguishes as 
magnetics, the latter as diamagaetics, and their respective 
positions between the poles are termed axial and equatorial, 
that is, tending north and south, or pointing east and west. 
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305. Evolution of magnetism by electricity. — This discovery 
was made in 1819, by Qii'sted. All effects resulting from this 
process depeud entirely upon ilectricity iti jnotioji, or electric 
currents, and are directly proportionate to the quaatity of 
electricity. Nothing of the kind is produced by the electricity 
of tension, nor are they apparently increased by augmenting 
the intensity of the current. Hence for their development, 
voltaic electricity is more effective than common electricity ; 
and those forms or conditions of the voltaic arrangements 
which are calculated to produce quantity rather than intensity, 
are required ; hence aiso perfect metallic contact of the conductors 
employed must be observed. 

When a wire transmitting the voltaic -electric current is 
brought near a magnetic needle, it has the ability of attracting 
and repelling it. If we stand with the face towards the north, 
and the current of electricity passes along the wire in the same 
direction, that is, from the south to the north (paraUel with 
the magnetic meridian) then the compass, when above the 
electric emrent, will turn to the left, or to the west, and 
when placed below the current, to the right or eastward, its 
north pole will be elevated when on the east aide of the current, 
and depressed when upon the west, and will have a tendency. 



I'RiiLI.MINAEY KEMAEKS. 

It is inteuded tlirongliotit the forthtoniiDg woik to j 
out certain novel cliaciwitora in regard to the influencing attr 
butes of Mattek — by displaying thi'ougli particular facts— -thi 
true agency that the atomized and unatoini7;ed nr ultrogaBeout 
worlds, exorcise in the (economy uf Natcre. Added to wMohjl 
will be aji investigation into aonie of the more abstruse Lawifl 
governing the vftrious kinds of Motivity. Aleo an inquirj 
touching the action of the Life-Pbincipu; as it mamfesta itself 
whilst governing the development of the vegetable and a 
kingdouiB, i''ui-ther, tlie Mateeiauti of Electkicitt, Hea^ , 
Light, Coi.oitrs, Odoubs, and Sound, are considered, demoi^ 
fitrating that these principles have most of the characteritrtdcfl 
of corporal ities — save that of ponderability tir weight, Tn 
addition, will be a diaquisition touching the (juahtative causeL 
of Bebistan('E, and lastly will be annotations ou GKOLuoa 
and Ahtkonomy. 



LITERAEY NOTICES. 

We litLvc been favoured with a ponisal of a portion cf 
Mr. Hands' Work on " Mattbb, Ac," and can speak ol it as 
moat able and iuturesting contribution to ecientiBc literature.- 
The Modem Fhyniomn.—MM, 1879. 

Mr. Hand's Essays on Matter, Motion, Lite and EesiJ 
Iftuce, itc, are replete with instruction and original oc^ 
ceptiona of a very striking cliaraottsl'.^ — Human NaUire.-i 
luue 20th, 1879. 

Mr, Hands, of HanuuerBmith., author oE sonrie very interestfl 
iug works, liasuow a'hiplfd the pliin originated by Die kensaai 
Thackeray, wliosc books were brought out in monthly instaT 
ments. Mr. Hauds's views are most original and iilastratet 
by facts, his language stimulates tho mental taste, like that o 
Robert Burton and Jjr. Johnson, and pleases whilst instructiMffl 
the reador.^57w Sussex Daily Nencs. — June 18th, 1879. 

Mr. Hands has issued the second (July) part of his "Nem 
Views of Matter, Life, Motion, and Resistanee," la inanv 
respects, this thoughtful and industrious author has trodden 
paths which are aJso explored by Dr Babbitt, in his greal 
work on "Light," • 

These writers are pioneers iu new fields of scientil 
roeearch, ami as such, a duty falls to thtdr lot which cauu^ 
be attributed to a selliah motive. Mr, Handsiaa tnie autho3 
and gives to his readera profound origiua! thought, at a popffl 
lar price, hia single object appareutly being the education ol 
the public mind in all its multitudinous forms. ^ — The Meditm 
and Daybreak, July 25, 1879. 



ELECTRO-MAGNK-nSM. IK, 

that eacli time the conducting \vire cut the magnetic curves a 
current of electricity was, for the moment, produced in it. 
Further by makiug the poles of a horse-shoe magnet revolve 
rapidly before & soft iron armature, suppUed as in the former 
case with a helix, or what is still better, causing the armature 
and helix to revolve before the poles, an electric current is 
obtained, which not only gives continuous sparks, but ignites 
wire, deeompoaea water, and produces strong shocks. 

The magneto -electric machines under certain forms are now 
employed for the medical application of electricity. The in- 
struments at present in use were constructed after the plan of 
the one originally invented by M. Hipolyte Pisu of Paj-is, which 
was first shown at the meeting of the Academie des Sciences, 
in 1831. 



MINERAL ELECTRO-MAGNETISM. 



307. This form of electricity is chiefly recognised as belong- 
ing to the different kinds of crystals, but most especially to the 
mineral designated loadstone, one of the oxides of iron mixed 
up with the metals nickel and cobalt, and also quartz, and 
ftlumina, the latter being the base of the clays. 

Dr. Ashbumer following up the experiments of Baron 
Beichenbach, was accustomed to set up certain magnetic 
batteries by glueing the bases or negative ends of translucent 
natural ctystaJ-stones to a piece of board. He would then 
fiace some of his sensitive patients before the apices or positive 
iwttremities of these pellucid minerals, which generally, in a 
few minutes, by their magnetic infiuence, sent tliem to sleep. 
He found (as did the ancient Eastern temple therapeut£e) a 
Hke result when exposing his patients to the action of the 
loadstone. I myself, with many other persous, have produced 
strange effects on individuals in theu' sleep-waking state, 
Bl^cially with the diamond aud emerald. Clairvoyants would 
at periods ask for certain precious stones to increase, as they 
declared, their perceptive abihties, and they would sometimes 
«lder that particular sick persons should wear rings set with a 
^grUin gem to hasten or proniote tlieir cure. 

The priests in ancient times wore gems set iu their breast- 
plates, which were thought to produce venerative feelings in 



their foUowers, ancl also caused llie pythone33 or prophetess * 
and the Booth Bayers of the " Temples " to predict or foretell the 
truth. These breast-plates set with precious stones, were first 
worn in India, and afterwards used in Egypt, from whence the 
Jews had or copied their Urim* and Thummimt, under the J 
influence of which the high priest gave oracular answers to thva 
people. 



VBGBTABIiE ELECTEO-MAGHBTISM. 



308. That electricity is resident in and upon plants and-] 
their products, may he shown by rubbing different seeds 
certain textile fabrics ; and that it forms part of their s£ 
tions, can be demonstrated by friction applied to some of' 
their secermnents as the inspissated products of the turpentine 
tree and also resinous amber, for after undergoing this process 
they will he found capable of attracting tight bodies, such as 
small fragments of paper or pith-balls, &c. Again, it is mainly 
the presence of resin on the musician's bow, that enables the 
performer upon certain stringed instruments, to produce the 
frictional electricity that calls forth into action the sounds he 
evokes. Mr. Butter, of Brighton, showed, during particular 
experiments with his magnetoscope, that there was a polarity 
pervading all plants, and he demon strated^as had been 
previously eshihited by lieichenhach — that this qiiality extends 
even to their seed, fruit and flowers. It has also been noted by 
enquirers into this subject that the one end of a tree or herb is 
negative and the other positive, as are the opposite extrenutdes 
of their leaves. In fact, there would appear to be an escape 
of the electro -magnetic element, always taking place from the 
ends of the twigs and fohage of the vegetable world. This 
traversing fluid is of course supplied and interchanged by the 
ever-flowing electric currents pervading the earth. This 
economy explains why certain persons are oppressed when in 
a wood, and other individuals suffer even when standing near 
a single tree, which feeling ensues perhaps — as before noticed 
— from the parties in question being deprived of the usual 
quantity of the stimulating magnetism that traverses the 
deeper soil, and which instead of permeating then- feet, ii 
veyed away by means of the roots up the trees. Again, tl 
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electricity of the air that ahould have passed through their 
persons into the earth, is conducted there by the taller trees. 
Many people in the same way becajna uncomfortable and cold 
when standing on asphalte, oilcloth, carpets, and even when 
they have woollen or silk stockiugs on, which sensations they 
do not experience when located on wood, stone, or the ground, 
these latter media do not isolate them fi'om the magnetic 
cairents of the earth. That we ajre always suhjected to 
particular electro-ma^etic influences, may be inferred from 
the development of pecnliar feehnga which at tunes pervade 
us, especially on what ia called in England a balmy day, with 
the sky clear and pui-ple and the wind warm and westerly, in 
which positive electricity prevails, and are unlike the breezes 
coming from the east, in whicli negative electricity pre- 
dominates. Again, the influence of magnetic currents may be 
especially recognized by the fact that many somnambulcs have 
often been seen when very restless to get up in the night and 
place then beds bo that their heads might lie towards the 
north ; other sleepless persona have likewise arisen, not 
knowing the reason why — except from premonitory feelings — 
and arranged their conches in the same manner aa the sleep- 
■walkers, after which operation they could repose in comfort, 
as long as they continued to recline in this self elected position. 
Clairvoyants proclaim that we should always, when sleeping, 
lie with onr head towards the north when we are on the 
northern aide of the meridian, and to the south wheri residing on 
the other side of the equator. But to return. It may be 
demonstrated that there ia a point in trees and plants which 
resembles the middle portion of a bar- magnet, and 
appears to be like the central or nodal point, through or from 
which differently quahfied magnetic rays pass, the one set 
taking the opposite course to the other. Thus, it is after this 
mode that the roots proceed froni a given locality downwards, 
whilst the atem and branches grow upward from the aame 
point in the contrary direction. This economy holds ; 
when we reverse the poaition of the tree, — that is, by p 
the boughs or branches of young plants in the soO, inclining 
the roots upwards into the air, these latter will then be observed, 
instead of growing towards the aky, to tend downwards in the 
direction of the earth, the natural locality for the economy of 
the roots. 

Further, touching the polar-magnetic disposition of the 
vegetable products, if we auapend, horizontally, in a still 
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atmoaphei'e, as under glass shades, parsnips and carrots, or 
pears and apples, Ac, by passing stiings through them mid- 
way between the eye and stem of the one, and the base and 
apex of the other, they will be seen to arrange themselves 
diamagnetically or point east and west. It has been found 
possible to establish a vegetable electro -magnetic battery, by 
arranging a chain of pears or apples, Ac, with the stem 
surfaces touching the eyes of those preceding them. The 
increase of magnetic intensity thus produced is readily 
deteetible by the electrometer or maguetoscope and certain 
animal sensibilities. 

Dr. Bacanio has shown that a tew slices of beet-root and 
wood of the walnut tree, alternately placed, were capable of 
setting free sufdcient electricity to excite convulsions inafi'og,, 
when conveyed to its muscles by means of a condneti 
consisting of a leaf of scurvy grass. 

Baron Eeiohenbacli in his experiments on vegetatii 
proved that plants act magnetically. Thus, he showed th( 
the fibres of the root of a turnip were positive, but the tubw] 
was negative below and positive above. He also found, that' 
the temperatm^ of a vegetable varied in different parts, 
manifesting an existence of iliernio-electric action. Same plants 
proved to be warm on the stem, but the flowers were 
cool. Frequently the reverse of this prevailed. The 
Baron sums up his experiences, as follows : the root fibres are 
warm, therefore positive, the ends of the leaves were cold, 
consequently negative, the point of the stem loses itself in the 
leaves and leaf-buds, it, therefore, pervades the negative side, 
"We may then of course state, that positive influence pre- 
dominates in the descending axis, and negative in the 
ascending. Thus, wliere nature is least busy, the growing, 
aetwity is slackened and negativity predominates, but 
propulsion shows itself positivity prevails. Thus, the vasci 
bundles in the mid-ribs, and the under face of the lower pi 
of the leaves towards the point of attachment, were always, 
found to be positive, while the more parenchymatous (pithy^' 
mass, the upper surface of the leaves, and the part towards 
the tip were constantly negative. That the ordinary processes 
of vegetable growth are attended with a manifestation of 
electricity, has most positively been proved by the experiments 
of Pavillet, Thus, several ^pots filled with earth, and 
containing different seeds, were placed on an iusnlated stand 
in a chamber, the air of which was kept dry by quick lime. 
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ZThe staud was placed in coiiuaction with a condensing electro- 
metei'. Duriug germination no electric disturbance was 
manifested ; but the seeds had scarcely sprouted when signs 
of it became evident, and when the yoimg plants were in a 
complete -state of growth, they separated the gold leaves of 
ifche electrometer half- an -inch from each other. It was 
Dalculated by him that the vegetating surface of 100 metres 
jiiare in extent, produces in a day more electi-icity than 
■oiiid he sufficieut to charge the strongest battery, and be 
insiders that the growth of plants may be one of the most 
mstant and able som-ces of atmospheric electricity. The 
lisengagement of vapour from the siuriace of leaves, is alone 
ifficient to produce abundance of electricity. Again, the 
_ laeous changes which are effected by the leaves through 
itiheii- own economy upon the oxygen and carbonic acid of the 
fttmosphere, may be regarded as other sources of its develop- 
ment. The condition ofplantsisusuallyrtfigaiit-'e, and from this 
iact Dr, Groves accounts for the violence of the meteorological 
phenomena in tropical climates. The evaporation taking 
place from the surface of the sea must tend, he states, to 
lender the superincumbent atmosphere positively electrical, 
and that too, with the gi-eatest intensity during the day, at 
the very time when the agency of terrestrial vegetation is 
renderingtheau-overthe land yicjni/i'fii^ electrical, Ifawire,sayE 
Dr, Carpenter, he placed in apposition with the bark of agrowing 
plant, and another be passed into the pith, contrary electrical 
states are indicated, when they are apphed to an electrometer. 
If platinum wires be passed into the extremities of fruits, they 
will also be found to present opposite conditions. In some 
fruits, as the apple or pear, the staJk is negative and the eye 
positive, whilst in such as the peach or apricot, a contrary 
state exists. If the prime be divided equatorially, and the 
juice be stjueezed from its two halves into separate vessels, its 
.[x)rtioiis will in like manner indicate opposite electric states, 
although no difference can be perceived in theii' chemical 
qualities. 

(a.) Dr. 'Burdon Sanderson has lately made some important 
discoveries relative to the electricity of leaves, and the 
localization of the electricity to certain portions of them. 

(b ) There has recently been discovered in Nicaragua, 
Central America, a plant wJiich has been named Phytolacca 
Electrica. It possesses very effective electro -magnetic 
pKiperties. The hand is beiiumbeO upou touching the shrub, 
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and the electric iuflueuce can be felt at a distance of aevenff 

feet. The magnetic needle is sensibly pertuhated, becoming 

more and more influenced until it reaches the centre of the 

shrub, when the distiirhance ia transformed into a gyratory 

L movement. The intensity of the phenomenon vnries with the 

I hours of the day, and at night it is hardly perceptible. It 

I attains its maximum of abiUty about 2 p.m. In stormy 

I weather the energy of the action is augmented. No insects or 

I birds have been seen on this tree. 

I (c.) Wood grows much more rapidly on the north aide of a 
I tree than the south. 

I (d.) The leaves of the polar plant of South America always 
I point north and south, and serve to guide the traveller by 
I land as the pole star does the sailor on the ocean. 
I (e.) Male plants are positive, whilst the female vegetation ift 
I negative. 

I (/■.} Plants consist of closed Bacs.havJngpouchea and vesicles, 
I and these latter are held together by vegetable mncos, and they 
I are also polar, each pointing opposite ways, as does the plant 
I itself, which extends, whilst growing, at both ends. 
I (3.) In speaking of the vegetable world, and the I'emarkable 
I processes by which the leaf, flower, and fruit are produced, 
I Kitcher, upwards of two hundred years ago, brought forward 
I the fact of the dianiagnetic character of the plant, and he 
I refers to the motion of the siinflower, the closing of the con- 
I volvuli, and the direction of the spiral (which in positive plants 
■ curia to the right, and in negative vegetation to the left) formed 
I by twining plants, to this influence. 

I (h.) Crystalhzation is an electromagnetic phenomenon of 

I' inoi^anic matter, and the simplest mstic obseiTer is struck by 

I the resemblance which tlie examples of it, left upon the windows 

I by frost, bear to vegetable forms. In some crystallizations tJiu 

r mimicry is beautiful and complete, as in the Ai-hor JJiaiur, 

(the tree of sUcer) — tliis metal being called Diana by the oliU. 

chemists) which is produced by putting metallic niercm-y into* 

a solution of silver. This causes the separation of this lattec: 

metal into a beautiful tree-like crystalline toiin. YegetabltK! 

figures are also presented in some of the most ordinary ap — 

pearancos of the electric fluid. In the marks caused b^ 

positive electricity, which it leaves in its passage, we see thes 

I ramiflcatious of a tree, as well as its individual leaves, thos^ 

I of the neijative, recall the bulbous or spreading root, itcccirdin^j 

I as they are clumped or divergent. These phenomena seeiu | 
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ANIMAL ELBCTIIO-MAGNETIS 

point out that the electric energies have iQucli to do in deter- 
mining the forms of plants. That they are intimately con- 
nected with vegetable life is indubitable, for germinatioD will 
not proceed in water charged with negative eiectricity, while 
this fluid positively loaded, greatly fayours it. A garden in- 
creases in luxuriance when a number of conducting rods are 
made to terminate in branches over its beds. The resemblance 
of the ramifications of the branches and leaves of plants to the 
traces of the positive electricity, and that of the roots to the 
negative electricity, calla for special remark, as the atmosphere 
particularly in its lower strata, is generally charged positively, 
while the earth is always tiegatively electrical. The correspou- 
deace here is remarkable. A plant thus appears as a produc- 
tion formed onthebaseeof a natural electro -magnetic operation, 
for here the eleatric bmsh is realized. 



ANIMAL ELECTRO -MAGNETISM. 



309, This imponderable material element is common to all 
living creatures, it is spread out upon the membranous sur- 
faces, and it also, like heat, entera into intimate combination 
with the ponderable atonii;!ed and perhaps the imponderable 
ultimate unpatticJed elements that constitute the frames and 
soft parts of all animals, whose nerves and structural fibres 
serve, like conducting wires, as it were, to convey this all- 
creative, and in turn, all destroying agent, that obeys some of 
the energies placed at the behest of nature's never-resting 
economics. Further, as the galvanic fluid can, in the labora- 
tory, decompose compounds in solution, and the electric spark 
recombine them when separated, may not the iiervo-electric 
element be found capable of acting after the same manner, on 
the compound fluids, and even hving solids of the animal 
Byatem? Is it not more than probable that,the vital -magnetic 
fluid from the brain and ganglianic systems, as it traverses 
the nerves which branch off from them, decomposes the com- 
pounds conveyed through the circulatiou and by endosmose 
or infiltration to each organ ? And further may not the sen- 
Borium and spinal cord, which are connected through the 
nervous fibrillie, with every part of the body, act by means 
of their nervine aura, like the electric spark ; and in this way 
unite the necessary elements, which the blood and other media 



194 ESSAYS 

supply, sij as to fomi oi' deposit the couBtitiients tliat etwJl'H 
organ uiay reqim*e to renew or replenish it, after the abaor^B 
bents and other natural agents have remoTed the old, or, so ioM 
speak, used up parts or former components of the oseeoOKjl 
system and visceral tissues ? fl 

310. "Is the bram," suggests Sii' J. Herschel, " an electriHH 
pile, constantly in action ? If so it may be conceived to di»»H 
charge itself at regular intervals, when the tension of th^B 
electricity developed reaches a certain point, along the nervatl 
which communicate with the heart, and there excite or cau6«'l 
the pulsations of that organ." This idea is intimated by thai 
dry electric pile of De Luc, in wliich tlie successive accumulti-B 
tions are carried olf by a suspended ball, which is kept^B 
through the discharges, in a state of regular pulsation for anjv 
length of time, sven for years. U 

That animal electricity is an agent in some of the processe^l 
of vitality, is shown in the following experiment. If the hinctfl 
legs of a frog be placed upon a glass plate, and the cruroll 
nerve dissected out of one of them be made to conifB 
inutiicate with the other, it will be found, upon makin^B 
occasional contacts with the remaining crural nerve, that th^^ 
limbs of the animal wUl he agitated at each contact. I 

311. The animaleiectro-niagnetic element isinostprominentl™ 
demonstrated by certain electric fish, as the Torpedo (so caJledfl 
by the Bomans from the effect it produced) or electric ray, anJ9 
gymnotiis (naked backed), electrical eel, and likavriae th^[ 
aihiriis dectricus, described by Brouaaonnet, under the name del 
trembler. The electric fluid appertaining to these inhabitantgl 
of the water can decompose chemical compounds, produce iUtI 
electrical spark, and magnetize iron by induction. I 

Humboldt states that the electrical eel is most freqoeutljM 
met with in the stagnant ponds, situated in the plains whlQ^f 
extend from the Oronoco to the Apure. The old road ne^B 
Unitica has been abandoned, on account of the danger 
psperieuced in croaaing the ford, where the mides were, from 
the effects of the shocks given by these eels, often paraljrsed 
and drowned. Even the angler sometimes received a. shock 
conveyed along his rod and line. These animals are about 6ft. 
in length, and occasion a highly painful sensation, more 
resembling the effect of a blow on the head than the s" 
a connnon electrical discharge. The Indians have a { 
drea<^ of the gymnotus. Humboldt, wishing to obtain a 
these uels, solicited the natives to procure a few for him. 



ni'der to effect tliis object, a uimiber of ludiaos i;ollected about 
thirty horses and mules from the adjacent savannahs, where 
they mn half wild ; these animals were driven into the mai-sh, 
and the gymjioU, roused from their repose by the noise and 
tuimdt, mounted near the surface, and swimming like ao many 
livid water serpents, briskly pursued the intruders, and gliding 
■mider their beUies, discharged through them the most violent 
and repeated shocks. The horses became convulsed and 
terrified, their manes erect, and eyes staring with pain and 
anguish, and made luiavaihng straggles to escape. In less 
than five minutes, Hmnboldt states, two of them sunk under 
the water and were di'owned. After a time the gijmnoti finally 
retired from the contest, and snch was the state of languor 
and complete exhauation, that they were easily dragged on 
shore by the help of small liatpoons fastened to cords. 

The gj'umotus experimented v-ith by Fai-aday, gave a strong 
shock when one hand was placed near each extremity of the 
fish. By the application of conductors the animal affected the 
galvanometer, and also made a magnet. Polar decomposition 
of iodide of potassium, was easily effected by it, vrith such 
phenomena as indicated a, current passing from the anterior to 
the posterior parts of the animal, and, lastly, the electric 
Bpark was obtained. 

The sepia hexapodia-, or six-legged cuttle fish, can produce a 
numbness when handled. There is fresh water fish belonging 
to the family of siluroidB(siluru8, a sheath fish), which possesseB 
an electric organ. This animal has been named the maiap- 
terurrus Bcniensh, so called from having been found in the 
river Beni of West Africa ; it is allied to the malaptemriLS elcc- 
tricus which inhabits the Nile, and was known and used in long 
ages past for its electrifying abilities to ciu-e the sick. 

" Man "saysDr.G. Bird "far exceeds the torpedo in generating 
electricity, and is only prevented from giving a benumbing 
shock, when he extends his hand to greet his neighbour, from 
tlie absence of a special electric organ for increasing the ten- 
sion or intensity of his electro -magnetic fluid. The formation 
and decomposition of the different gases, fluids and solids of 
the body must be an iaunense source of animal electricity, for 
it is impossible that any two elements can be united and espe- 
cially separated from each other, without setting free a current 
of electricity. Paraday has, by bis experiments, rendered it 
probable that, during the decomposition of 9 grains of water, 
an amount of electricity is developed, far gi'eater in quantity 
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than that which is called into action during the produetion 
the vivid lighting flashes and thundec explosion of the drei 
inspiring tempest." "May not," continues Doctor B., "o 
of the uses of the electricity so freely developed in the bod 
especially that existing in the mnscleB, be to call forth in the 
nervous cords the ins Jiervosa (that abihty of the muscles by 
which they act when excited by the nerves) just as currents of 
electricity, if paseing neai' a bar of iron at right ang' 
axis, excite magnetiam ? May not this vis nei'oosa 
energy, produce the contraction of a muscle without actual c( 
tact with its fibres (for we know that the fibrillte of nerves lifl 
upon, but do not communicate with the ultimate filaments of 
a muscle) just as the invisible hues of energy emanating from 
tie bar-magnet act upon the suspended bundles of wire or fine 
u-on filings ? Lastly, may not such nervous ability again induce 
electric currents in glandular or other organs, just as magnetism 
in motion will re-excite electricity, thus accounting for what 
cannot be questioned, the existence of electric currents in ci 
tain organs, exclusively excited by or depending for their 
ence upon the integrity of tlie nervous influence of the pi 

Professor Aldini proved that the muscular contractions 
excited by the development of an electric fluid in the ani 
system, which is conducted by the nerves to the muscles, witl 
out the concurrence or action of metals. In proof of this state- 
ment Aldini procured the head of a recently killed ox. With 
one hand he held the denuded legs of a frog, so that the por- 
tion of the spine — still connected with the lumber ner^ 
touched the tip of the tongue of the ox. The current was 
pleied by grasping with the other hand — well moistened 
water — one of tlie ears. The legs of the reptile in quest 
instantly contracted, the spasm ceasing directly the cirouit 
broken by removing the fingers from the held oar. The 
sity of these contractions was inuch increased by uniting 
or three lieads, so as to form a kind of battery, just as Mattent 
found to be the result 40 years afterwards with his pigeon 
rabbit battery. 

312. "With the exception of the stomach and caecum (I 
first portion of the large bowel) the whole of the lining tni 
brane of the alimentary canal is bathed vrith an alkalii 
mucous fluid, aud the exterual covering of the body, the skin, 
is constantly esbalijig an acid fluid, except iu the axillary, and 
perhaps pubic or genetal regions. The mass of the animal 
frame is thus placed between two great envelopes, the 
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ajkaliae auJ the other acid, meeting oniy at the mouth, nose, 
eyes, and anus, or termination of the bowels. This arrangement 
has been shawn by Donne to be quite competent to the evolu- 
tion of a large quantity of electricity ; and he found that if a 
platinum plate, connected with t>]e galvanometer, be held in 
the month, wlulst another of the same metal is pressed against 
the moist perspiring surface of the body, the magnetic needle 
will instantly traverse, just as when experimenting with an 
acid and alkali in vessels. Further, a singular energetic cur- 
rent can be detected when the platinum plates are plunged, 
"the one into the acid contents of the stomach of the animal, 
^nd the other into the alkaline secretion of the liver. Dr. 
faster states that whenever a platinmn plate, connected with 
^ galvanometer, i^i placed in contact with the mucous mem- 
trane of any part of the alimentary canal, and another 
immersed in the blood escaping from a wounded vessel, an 
^deetric current can always be detected. It appears as if the 
secreted matters were ever in an opposite electric state to the 
llood or other media whence they are generated. These electric 
«3urrents cease on the death of the animal. Dr. Woolaston sug- 
gests that the secretions of the hotly are the effects of electrical 
-^igency acting in various modes, and that the qualities of each 
"secretion point out what species of electricity preponderates in 
the organ which creates or forms it. Thus the existence of 
Aee acid in the urine, and gastric j uiee, and of free alkah in the 
lile and sahva of the niouth, marks the prevalence of positive 
electricity in the kidneys and stomach, while an excess of 
negative fluid is indicated in the hver and salivary glands. 

313. Dr. W. Phillip proved that when the pneumogastric 
nerve, presiding over the lungs and stomach, and consequently 
the economy of respiration and digestion, was divided, in a 
rabbit that had just partaken of s, hearty meal, the food re- 
niaiiied in the stomach unalteied, but on allowing an electric 
uurreut to traverse the nerves by comiecting their divided ends 
through means of a metallic conductor or by apposition, diges- 
tion was readily effected. 

314. Touching the electric action, of the fluid traitsnUtted by 
the nerves. — A balanced magnet held between the two sections 
of a recently divided nerve was observed to be deflected as if 
subjected to the influence of an electric current. Tlie muscles 
under the sway of the iiervo*magnetic element are capable of 
energetic contraction as when stimulated by the galvanic fluid. 
Clairvoyants announce that there are electro -magnetic streams 
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always ilowiug along the nerves to each orgaxi of the bod; 
and every tisane of the system. Further, they also state tl 
the human body is made up of many magnets, all governed 
the great positive brain, which under the mfluence of the so 
presides over all om' functional sj'stems. They likevriae pi 
claim that the right side of the body ia positive in r 
left, which economy gives rise to the preference i 
the right arm and leg. The superior yib-tIs of the body, they 
say, and even that of the hnibs and the individual bones and 
muscles, &c.. are positive, whilst relatively the inferior ends of 
these structures are negative to the former, like the poles of a 
magnet. Again, one organ, of the body acta positivBly as 
regards another viacns. Thus, the alkahne secerning hver is 
negative whilst the acid secreting stomach is aympathetically 
posiiive to it. The right kidney, testis, and ovarium (egg- 
pouch) are positive as regards their left associates. And lastly 
the gi-eat positive cerebrum presides over the pidsations of the 
negatively answering heart, as does the cerebellum (ami 
brain) over the functions of the 7iegative organs of generation; 

315. According to Faraday's established doctrine of elect) 
chemical equivalents, all chemical changes are the reault 
electric action ; therefore it is most probable, nay, afact, that the 
brain and spinal marrow include organs able to collect, and 
through the nerves use this electricity, which, modiJieiJ in ' 
effects by the properties of life, is the imme<liate agent of 
assimilating functions, and so is the nervous system of 
capable of gathering and applying, even according to 
dictates of the will, the electric capacity which is evident 
the phenomena of electric animal a. 

316. Vital animal electricity, as before noticed, is an agi 
possessed by and evolved from certain living animals 
enables them, independently of the operation of extei 
agents on their stnictnre, to produce several of the phenomi 
exhibited by common and voltaic electricity, generated in 
upon inorganic matter. This electric abihty is even possei 
by certain insects, as the Tcduviits nerratits, which gives 
shock when placed on the hand felt up to the shoulders. There 
is also a species of mantis, a, native of Brazil, which on being 
tonched causes a shock perceived through the whole body. 

316. Further particulars relative to the economy of 
torpedo. The electric discharges from this animal, both 
regard to time and intensity, seem to be dependent on 
exertion of the will quahty. It has been demonstrated 
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this ci'sature can eject electricity both in air and water. The 
intetisit!/ of the electric ability seems to bear no relation to 
the size of the fish after it has attained, mature age. The 
animal becomes exhausted subaequently to the discharges, and 
recovers its capability by rest. The ftetus can give strong 
shocks, on being taken out of the parent. The torpedo 
■when removed from the water, can give more violent shocks in 
the air, than in its native element, and can discharge its 
electricity in any direction. The shock is most efiective, when 
one hand ia applied to the head and the other to the tail. Metals 
cause it to discharge the fluid as often as it is touclied by them. 
The animal can kill a fish or water-bird without touching them. 
To receive an efficient charge, both sides of the animal must 
be ainiultaneously grasped, and the creature, wlien it gives a 
shock to anything, tries to do the same, by encircling the 
object presented to it. Some eela are said to be twenty feet 
long, and can deprive a man of sense and motion. One of 
these fish has been kno^vn to give twenty-seven people a shock 
at the same period. At times the discharge only occasions 
strong contractions of the flexor muscles of the hand that 
claapB the fish. Some men are unsusceptible, of feeling the 
tlischarge from electric fisli as others are from that of the 
Lei/deiijar. Woman, it is said, with severe nervous diseases, 
are seldom oonscious of receiving tho aliock. The artificial 
and natm-al somnambutes scarcely notice the heaviest dis- 
charges from the Leyden phial, and are found to bear the 
strongest current from the galvanic battery, and the electro- 
magnet machine, without being disturbed. My own clair- 
voyants could see the electric currents passing through their 
bodies, but could not feel the presence of the fluid that was 
permeating their systems, nor were they capable of recognising 
heat, though touched with an incandescent body or when 
exposed to the flame of burning materials, or siibjected to 
the operator's knife, patients in the sleep-waking state suffer 
no pains during parturition, like as when under the influence 
of chloroform. But to return. Galvani perceived that the 
frogs thighs were always convulsed when he touched them 
whilst grasping the torpedo. Schilling asserts that the 
magnetic needle can be set in motion by the fluid from the 
gymnotus, also that this fish was attracted by a loadstone, 
and adhered to it, and that the animal became languid when 
detached from a magnet, it was also found capable of giving 
the spai'k wlien irritated. Di: Davy converted needles — 
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previously free from any electrical quality — into magnete hyM 
contact with the torpedo. It was also found that the ends o 
the needles which were nearest the central surface of the fiahl 
received soulhern polarity, the other ends heing north. Thflifl 
fffitus when removed from the parent produced the samBJ 
resuItB. All bodies which will conduct electricity can conveyT 
the magnetic fluid of these animals. The French fishermen" 
say they often feel the discharge along the nets, and that the 
fish in question can give a shock at some distance through the 
water. Professor Owen states that the torpedo can electrify 
people in the act of tin-owing buckets of water over thenj, | 
Here the electric cun-eJit passes from the dorsal siirface of thf 
batteries against the stream to the operators hands,' and thi 
circle is completed by the earth from the men's feet to th6^ 
central surface of the fish. Hunter states, that it you cut 
through all the nerves of the torpedo passing from the brain 
to the electrical apparatus— which was very vascular — no shock 
was given. He also noticed that each nervous column wa^M 
divided into numerous distinct compartments by delicate memif 
branous partitions, placed horizontally at very short distaneea" 
from each other. The electrical organs have a great supply of 
nerves, and also a number of nervous glandular gangha 
surrounding them, from which pass a vast quantity of ducts 
opening on the back, fonning a communication between thft J 
electrical organs ; these ate apparently better conductors a 
electricity than the bare skin or salt water. The electric a|^'V 
paratus of the gymnotus is also arranged between septa or par- 
titions. Hunter counted 240 in the space of an inch, and these 
answer the columns in the torpedo. Lacepide calculated that 
the discharging surface of these organs in a gymnotus four feet 
in length, is at least 123 square feet in extent, whilst in the 
torpedo of ordinary size, the discharging sm-foce was only 58 
square feet. The nerves in the former fish supplying the elec- 
tric organ are from the spinal cord alone. 

The electrical organs of these animals develope and i 
electricity imder the nervous influence, just as a glanc 
secrete its particular fluid, and its ducts eject it. When t 
persons (especially of opposite sexes), both insulated, join h 
sufficient electricity is evolved to affect Colomb's electrosooj 
If a lady when brushing her hair, whilst standing on a s 
supported by glass legs, was to place the fingei-s of the < 
engaged hand upon the cap of an electrometer, the gold leave 
would be seen instantly to diverge with great energy, at eac 
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frictional movement at the brush, thus giving evidence of animal 
electricity. 

Again ammal electro -magnet ism is evolved by the mere con- 
tact of two dissimilar animal aubstanees. Thus, a pile of alter- 
nate slices of mnscdar tissue and brain, with pieces of wet 
leather interposed, has been observed hy Lagrave to produce 
■electricity. Wlien the muscles of the great nerves of a frog's 
legaretouched synchronously with a. piece of muscle of a warm- 
Hooded animal, contractions of the reptile's muscles ensue. 
3'nrther, when the crural muscles ai'e cut and folded back, so 
as to touch the lumber uervea, muscular contractions are per- 
ceived in the lower part of the limb. Aldini excited energetic 
contractions by bringing the nerves of warm-blooded animals 
in contact with the muscles of cold-blooded creatures, and vice 
versa. Miiller found that contractions are excited by touching 
,-the moistened stdn of the leg, with the nerves of the thigh dis- 
sected out and tinned down upon them, the nerves being held 
"by means of an insulating rod. 

317. Henuner, of Menheim, 1786, obtained the following re- 
sults, (o) Electricity is developed in all persons, but varies 

' both as to intensity and character in different individuals. 
ib) The nature and vehemence of the electricity varies in the 
same person, (c) When the body is at rest and warm, its 
electricity is always positive, (d) When the surface is much 
cooled, the electrity becomes negative, (e) It is constantly 
negative when muscular viguor is diminished. M. Ahrens has 
more recently proved that, (a) The electricity of healthy men 
is generally positive. (6) Irritable men of sanguine tempera- 
ment have more free electricity than those of the phlegmatic 
disposition, (c) An increased accumulation of electricity takes 
place in the evening. (d) Moderate portions of spiritous 
drinlts augment its intensity, (e) The electricity of women is 
more frequently negative than that of men. (/) In winter 
when the body is very cold, no electricity is manifested, but 
gradually reappears as the body becomes warm, {g) Every 
part of the naked body shows the same phenomena. (A) Dur- 
ing the existence of rheumatism, the electricity is greatly 

. diminished in intensity, but as the disease declines it again in- 
creases. Gardini found that the electricity of women during 
lite menses and pregnancy is negative. 

318. Some individuals exhibit electrical phenomena more 
readily than others. For instance, various persons hardly ever 
poll off articles of dress, worn next the skin, without a crack- 



ling noise being produced. Others always throw oH sparta 
when the hair is stroked backwards. We read of an Italia 
lady who continually gave out electrical flashes when her sld^ 
was rubbed with a linen cloth, attended with a crepitant souni^ 
This occurrence takes place when the feline tribe and other 
animals having soft fur are quickly stroked. Romer and 
others, relate that if you take a cat, in dry weather, into the 
lap, and apply the left hand to the breast, while with the right 
you rub its back, at first a few sparks are obtained from the 
hair, but after coutinuiug the friction for some time, a shock is 
received, which is often felt above the wrists and forearms, Ai^ 
the same time the animal runs off with an expression of terrc 
and will seldom submit itself to a second experiment. 

Dr. Carpenter mentions a lady who could pasa four elactri 
sparks every minute into the brass ball of the stove, at 4 
distance of IJ-inchea. 

This occurrence took place whether dressed or unclotl: 
There was a family, reported by Bleumenbach, each membM 
of which could elicit the same plienomena, and they i 
called the electrical family. Horses, like the one belonging b 
Tiberius of Ehodes, sometimes throw off sparks when rubbed, 
perceptible in the dark. Again, many persona similar i 
Theodorus, eject electric flashes on taking off their clothes, a 
was the case with Dr. Tliompson, who could exhibit ■ 
result, on taking off bis silk stockings in a darkened roomj 
Humboldt states that iipon the high table-lands of Mexico^ 
where the atmosphere at times is very dry, the horses manaj 
become luminous, and emit a cracMing noise, as also do th^ 
outstretched fingers of the human hand in some individuals 
These phenomena! lights ejected by certain ijidividualaa 
according to Professor Daniel, used formerly to be regardedC 
with feelings of dread by superstitious people, and hi ItalyJ 
went by the name of the fire of St. Elmo. 

319. People in general doubt the existence of the ani 
magnetic fluid appertaining to the human subject, 
oBpecially are they sceptical as to the capability of thi^ 
element being ejected from one person on or into another. 
They fail in like manner to imagine, and especially to compre- 
hend, how this principle could possibly be transmitted without 
contact. Puither, from incapacity to perceive any phenomena 
themselves ; individuals assume that they do not exist, for- 
getting that that which is recognisable to the sensitive 
focolties of one fellow creature, may make no comeioiu 
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impreasioii upon another. We should nevei- presume to ileciiie 
Of eveii tliink that ati action or element does not exist, because 
its being — diu-Jug certain conditions — is imperceptible by ov 
hidden personally from us. For example, we cannot see piu-e 
air nor feel its presence, though exeitiug a preBSUie of many 
tons upon our bodies, and if it were always tranquil, we should 
not be aware of its entity, and especially should we be ignorant 
of its capable operative effects, wheu aroused by the impon- 
derable elements into energetic action. 

By influencing a piece of iron we, through a certain process, 
fonn it into a magnet, by either altering the arrangement of 
its atoms, or the reactiveability of thepiinciplea which surround 
them, but whatever the change, the needle so acted upon, has 
become -a magnet, yet it has undergone no alteration our 
senses can comprehend, it has acquired no weight which can 
be detected by our mental efforts. Yet, solely because we are 
sure that we behold, after a certain manipulatiou, distinct 
phenomena, we allow that there is a particular form of 
electricity to which has been given the name of magnetism. 
Why should we refuse to the mesmeric fluid body, enquires 
the Rev. Mr. Townshend, that capabihty or capacity we have 
granted to the magnetic principle which pervades the iron ? 

There are many ntedia in nature and the finer or unparticled 
ethers may and do occupy the interstices of the grosser, being 
distinct, yet interposed, one within the other. The atmosphere 
is the mediiun through which the spiritoiis matter, sound, is 
conveyed to us; at least a bell rung under the exhausted 
receiver of an air-pump is iuaudiUe. But the crystal wall 
that keeps out air and common electricity bars not the passage 
of light, heat, and magnetism. Electricity can only traverse 
certain bodies, but undulatory mineral magnetism, like that 
ejected from animals, can penetrate them all, yet its intensity 
is vastly inferior to ordinary electricity. It has been recog- 
nised that the attractive and repelling rays from a magnet are 
only capable perceptibly of influencing iuanimate bodies when 
at a given distance, yet the aniiaal magnetic fluid has been 

I known to sensibly afl'oct beings at almost any distance. 

I 320. Nei-vous or animal tnagnetia fluid, — Some mesmerisers 
have been known to be capable of giving shocks to their 
patients, without contact, like the electric fish. I myself 
could produce tliis efl'ect, especially when standing at a 
distance behind the ba,ck of a Miss Whiting, an elderly 
corpulent patient of mine. Dr. Wliitfield states, in his lett^^ 
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to Dr. EliotBon, "that he fcniml tlie inagiietic fluid passed thil 
most direct way, so that if tlie foet were held hy the hands of 
the operator, the legs heing thus magnetised would become 
warm, and the head cool. If the meameriaer, or rather mag- 
netiaer grasped one hand, litewise the corresponding shoulder, 
the principal effect wonld he confined to that side. I inferred 
from this, by analogy," repeats the Doctor, " the poasibility of 
producing a magnetic shock, and I have repeatedly taken, in 
hand in each of mine, and by relaxing the will-influence foT'^H 
time and then pressing the hands, seen the arms of thepatienS 
convulsed with the sensa.tion as if an electric shock hft9 
passed from the chest. The phenomena were even more 
remarkable if the left hand and right foot were clasped, a£ 
then the shock was sufficiently strong to throw the oppoail 
arm from the aide, If the fingers he separated, the sens;atiq 
of the animal electric anra will be communicated from ecu' 
finger." "I am acquainted," continues Dr. W., "with a 
individuals of both sexes, wbo are capable of imparting shocll 
and these can by mental energy be made more effective thj 
the subjects of thein are wiUing to bear." 

321. Animiil magnetic nttractdon. — Rome individuals i 
in the mesmeric sleep, cannot allow the magnetiser to let 
them, they lean towards the operator as if he were a part 4 
their existence or a second self as the Greeks termed it. 
gentleinan in tlie sleep once asked if the hand he held was b 
own or tliat of his meKmeriser (the Rev. Mr. Townshend), f 
he could not distiniruiflli the one from the other. Dr. Wliitfiel 
in his remarks ou tliiii subject observes, " I have contrived by 
means of a metallic chain or long piece of wood, to stand many 
feet from the patients, they holding one end and I the other. 
but they were instantly conscious if I relaxed the firrn q 
of the chain or ligneous rod." " I find wood," continues t 
Doctor, "to be a goodconductor of nervous fluid as it is of sound] 
This explains why Dr. Haygarth's wood " tractors " ansvireq 
as a curative means as well as Mr. Pei'kins" metallic •' tractors 
the remedy not being in the apparatus employed, but la l1 
hand that held them. 

323. Effects of miufnctic will-ahiUty or soul energy.- 
Bev. Mr, Townshend (p 381) relates the case of a la,dy v 
was unable, froin paralysis, to stir a limb, but she could in t! 
mesmeric sleep condition, and also in her natural somnambol 
state — into which she sometimes spontaneously fell — activt 
use all her members, as when she was in perfect health. 
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tiunsition from a state of active exertion to om 
lielpleasneas was very remarkable, and often alarming, since if 
her natural magnetic iluitJ became dissipated she would and- 
deniy fall. The parallels to this may be found in paralytic 
patients, who sometimes hare recovered the use of their limbs 
for a short time, when they were incited to save themselves 
from fire or other threatening evils ; but the provocative being 
withdrawn they have fallen helplessly to the earth ; even 
persons who have been dumb for years have spoken under 
circumstances where strong emotion biirst their bonds of 
speech. Nor are these the only cases to which magnetic 
sensations bear analogj-. For instance, some partially paralysed 
persons can often effect their purpose, by increasing^ — throngh 
their mental volition or will-ctbility — the magnetic nervons 
finid, but the moment they cease to do this, they can no longer 
accomplish their object. Dr. Carpenter relates the case of a 
■vfoman. who, while she stedfastly contemplated her infant, 
could hold it very well, but the instant she left off regarding 
the child, she let it fall. I myself had a patient, the Rev. Mr. 
Eennage, of the Good Shepherd, Hammersmith, who was the 
subject of incipient paralysis ; he could stand or walk, whilst 
-intently regarding his )ega, as they supported his body, but he 
instantly fell to the ground if any circumstance or feeling 
interrupted his attention or prevented him from employing the 
"necessary amount of magnetic energy. 

People undei ilclu-inm, the natural somnambule, and 
persons m a like ^tate to the latter through mesmeric manipu- 
lations aie known to be capable — by using with greater 
energy their nervo magnetic fluid— of lifting or removing enor- 
mous weights in comparison with those they could accomplish 
in the common or natural state. This result images the able 
contractile condition of the muscles under the influence oE the 
galvanic ciurent. 

323, Animal maijnetic attraction. — The electric fishes can 
attract each other and inHnence the magnet, and in turn be 
biased by it, so the mesmeriaer can draw and sway his patients, 
like the loadstone acting on the iron. Thus, the Eev. 
Mr. Towiishend relates (p. 160) that he could attract the 
head of a gentleman, when sleeping, which ever way he 
pleased. If he held his hand above the patient's leg, 
immediately the limb was drawu upwards, until it formed an 
acute angle with the body, as did the hand and ann, when 
acted upon. Finally when Mr. T. left the room, the sleeper 

p2 
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was obliged to follow liini. Tbe hands of another 
could be inlluenced in the same way, thi-ough a, screen. 
these effects wei-e also produced by the mesmBriser's foot 
evaa with hia head. " Again." continues Mr. T., "■« 
standing opposite one of my patients, who wb 
position, I began to turn round, she also seemed forced 
revolve, but in a direction contrary to mine. If I turned 
left to right, ahe revolved from right to left, vrndvicevtrsa. I 
the same espermients," observes Mr. T., "on other sleep- wrakers, 
they also tui'ued round when I did, and inversely to myself ; but 
my foot, when presented to them, instead of making them 
revolve, seemed simply to repel them. I tried this with the 
sister of Theodore. Every time I held out my band she was 
attracted towards me, whenever I presented my foot, she was 
repelled, and by the alternate exercise of these two iiifluencee, 
Bhewaskepl oscillating to and fro, like the pendulum of a clock." 
I myself have produced similar effects both upon men and 
women, I have also seen the same concurrences by the brains' 
ner\-ous energy exercised by a mesmeriaer when at a distance, as 
performed by Major Buckley, Mr. Thompson, and Dr. Aah- 
bumer. As regards my own wUl-micrgies in effecting 
results, I, like I>r. EUiotson, hod no influence over my pati 
(See my work on " Will-ability."^ 

324. Action of the maynei on slccp-wakers- — Desirous to 
if the different poles of the magnet, " continues Mr. Townshend, 
" wotdd produce dissimilar effects, I held the south pole to the 
forehead of oue of my patients, when she made sundry oscilla- 
tions with her head, wluch at length slowly advanced towards 
the magnet. On presenting the noith pole her head began to 
retreat, gently, and with an unsteady motion, like that of the 
magnetic needle. Sometimes when I have presented the ni 
pole, the patient's head has retreated by jerks, as if drii 
backwards by successive shocks. The south pole, on the c( 
trarv always exerted au attractive abihty over mesmeric 
wakers. They dislike to be submitted to metallic magnet 
because it produces in them, disagreeable sensations, 
toked," says Mr. T., " a patient whether there 
analogy between animal and metallic magnetism, the reply 
was, there is a similarity, but the latter is of a much coarser 
nature." 

According to Baron Beichenbach ip. 120) when a glass of 
water is placed between the poles of a horse-shoe magnet — con- 
seuuentty in the magnetic current — it becomes magnetised, 
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Bvery sensitive patient can not only at once distinguish it 
h-om commoii water, but the glass brought immediately after 
the magnetization to the hand of a cataleptic (trance like state) 
patient attracts it like a magnet. Something must therefore 
iiavB been projected fi-om the magnet into the water, as it 
wotdd into a piece of iron. Again, the Baron made paaaeB 
with a magnet overoneof his visitors, who, to the great surpriBS 
of those present could then attract the Kmba of the patients, 
and this ability remained for some time, and then by degrees 
disappeared. Here the magnetic flnid — as with the iron and 
tbe glass of water, must have been conveyed into or upon the 
said visitor, which was made rnauifestby hia being able to call 
forth the same results, as could the Baron when applying, 
by means of the fingers, hia own innate nervo-animal mag- 
netism. 

325. Neno-aiihrtal viaguctism associated with eleciTicity. — 
The Bev. Mr. Townshend sometimes formed, what might be 
called a mesmeric pile, by seating five or six persona together in 
a line or half circle, holding each other's hands. Having mag- 
inetised the fii-st in the rank, the influence was passed on to the 
second, who transmitted it to the third, and so on, by each 
Jireasing, at regular intervals, the band held by tlie other. 

Here the mesmeric influence was moat demonstrated in the 

jwrson farthest from myself. The firet individual scarcely felt 

•my sensation, the second being affected more, and so on in pro- 

- gresaion, until the last was thrown into the nervo -magnetic 

sleep. 

326. Friction increasuig th* iHMgnetic ability. — If the mes- 
meriaer, wliilst manipulating hia- patient, rubs his head with 
the disengaged hand, his nervo-magnetic energy becomes 
greatly enhanced. 

327. When ajuesmeriser orrubber — as before stated — mani- 
pulates an exhausted patient, the operator sometimes bocomea 
rapidly weakened and dcpreaaed, ahowing that he lost and of 
course imbibed (action and re-action always being equal) some- 
thing, which robbed him of strength at the same time, giving 
energy and finally health to the individual he was magnetising. 
The meameriser has often rekindled life and aa it were attracted 
back the departing spirit, enabling it to still inhabit the body 
thna cleared from diseaae by the magnetiaers efi'orts and will- 
energy. This result is more readily effected in certain condi- 
tions of the Burroundinga. -Thus, when electricity abounds 
m the failii aii<i air, wc are In a neijatii-e state, and 
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bacome depresaed, but when magnetism is in the aauendant, 
then we are positive, and disposed to activity, joy and friefld- 
ship. 

328. Some of the feathered tribe are readily animaDy 
magnetised ; for instance, if we place a turkey or common 
fowl on a table or plank— holding it down for a few seconds — 
and then draw a straight line with a piece of chalk, from the 
beak over its head and bill for some way along the board on 
which it rests, the bird so treated will become fixed to the 
locaKty for any time we please. The same result follows if we 
use the bare fingers, unarmed by the calcarious substances, 
especially when executed by certain persons. Again, it we 
place the head of one of these creatures or any other of the 
feathered tribe, under its wing, and whirl the animal round, 
whilst m the hands for a short time, and then lay it on the 
groiuid, the bird will sleep, where placed, for hours together. 
Many persons by exercising their will — aura or ability alone — 
can command animals as Van Ambnrg, Carter and Eary did, 
I have seen Major Buckley when in the Zoological Gardens, 
send some of the gi'eat birds, by the souls energy or magnetic 
aura (acting through the eyes), into the chai-med sleep. I have 
also witnessed other persons electro-biologise dogs, cats, and 
even the lion into a profound sleep, lasting for hours. (See my 
work on " "Will- ability.") 

329. It has been said that the sleep induced by animal 
magnetism is as distinct from the common or natural repose, 
as is the apoplectic stupor from refreshing slumber.— If edicoi 
Eeview, 

I regards tlie resiiUs of aiiivtal eUctro-ma^netism. — 
Clairvoyance is sometimes a sequence resulting from nervo- 
cerebral influence. I have always found that the subject ao 
eadowed^ — ^whilst exercising the soul's ability freed from its 
bodily educational shackles — will only respect and appreciate 
knowledge, goodness, affection, wisdom, and educated genius; 
they always esteem things for what they ai-e usefully or 

[ jiaturally, worth ; showing that titles, earthly honours and 
mal distinctions are not recognised among the aspir- 

I llags of the unbound soul. The clairvoyant- sleep -waker caSj 
jadily perceive and fully appreciate truth, benevolence, and'' 
the sacred love of pui'e and simple friendship. It has been 
asserted by sceptics that when the attention of a patient is 
pre-occupied or diverted from the mesmeriser's processes, or 
the mind has not been previously advised as to the effects tha* 
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are to follow the magnetic operations, the agency is null. 
That this is not the fact can he demon strata rl, by nervo-mes- 
uiei'ic reaulte being pi-oJuced where the persons acted upon 
were at a distance, and abo when they uould not possibly have 
known what was transpiriug. Again, it has often occurred that 
whilst the mesmeriser was manipulating an individual upon 
whom no effect was produced — another person in the next 
room, unconscious of what waa going on, passea into the 
magnetic sleep. Further, where the manipulator and the 
patient are both positive or both negative to each other, there 
can be no sympathy and consequently no attractive re-action, 
and of course the individual magnetised cannot be impressed. 
Be it also noticed, that the person under manipulation, and he 
that manipulates should be very composed and quiescent, like 
tliB object we intend to ignite with a burning glass, the sub- 
stance must he kept still or no effect can be produced. Again, as 
to the etate of mind during the process in question, a person 
when angry or cross — though it he but achild^cannot be tickled 
into laughter, nor could an individual in such a mood, produce 
magnetic effects, for here the superior influence of the soul 
supersedes or is withdi'awu from the magnetic influence. 

331. As regards the difference in persoJis presented for iJiani- 
2nilation.. — We may have a repugnance to a certain individual 
and feel indifference as regards another, and be possessed of a 
leaning or attraction towards a third, and it is this latter 
that we can produce magnetic efl'ects upon. Be it also 
noticed, that some persons cannot be influenced, so as to pro- 
duce any recognizable results. But the magnet fails to control 
wood after the manner it does iron, yet it acts on the ligneous 
substance, thougli the consequences vary, because the qualities 
of the two bodies are dissimilar, and so it is with the properties 
appertttiiuag to the constituents and nervous system of different 
individuals. 

332. Parallels to tlie magnetic sleep. — 1st, The Trance. The 
celebrated Colonel Towushend could pass into this state when- 
ever he pleased. The Dervishes or Fakirs, were in all ages 
known to accomphsh this feat. See the case reported by 
Captaui Wade, who witnessed with many others the disinter- 
ment of a Fakir aUve after having been buried in a recent 
vault which had been covered with earth for ten months, and 
over which had been sowed and reaped a crop of com. I my- 
self knew a Mr. Joyner of Berkeley, who saved his aunt from 
being interred. Tlie lady was in her coJfiii, but knew all that 
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was transpiriEg, even to hearing the bell ring out for bef 
funeral ; but it so happened that whilst her nephew was looking 
at the hand— ahe succeeded — aided by Ids touch, in moving 
the finger, which subsequently led to her removal from the 
coffin, followed afterwards by resuscitation. Miss Joyner lived 
many years after this occurrence. It should be here mentioned 
that thousands of individuals are yeai'ly buried alive, for we 
have no positive test lor death, save through the nose, when 
decomposition baa aet in. 3nd, The magicians, soothsayers and 
witches of olden times, by narcotics and other means produced 
a cataleptic state of body resembling death, from which when 
partially waking their prophetic faculties were exercised, 3rd, 
Chloroform produces a senseless sleep. In all these cases 
clairvoyance was often induced, which now and then ensues 
under the use of chloroform aud the employment of nitrous 
oxid or laughing gas. 

333. Attraction and repiklsum.^li is a well-known fact tliat 
certain persons, especially clairvoyants, are capable of dis- 
tinguishing — whilst ill a darkened roon^— definite luminous 
gyratory rays or undnlations bursting particularly from the 
two extremities of the common magnet. It has also been " 
demonstrated that these phosphorescent magnetic rays turn 
spirally themselves, like revolving corkscrews. This quality 
appertaining to these polar waves, explains why the north and 
south ends of ma^ets ghde or ai-e attracted towards each 
other when approximated. The magnetic pulsatory threads 
escaping from the dissimilar extremities of a loadstone revolve 
contrary ways, viz. : one turning to the right, and the other to 
the left. Thus, when the escaping spirally rotating threadlike 
rays meet, they wind one within the other, and of course the 
diverse ends of the magnets approximate each other. The 
opposite action to this ensues, when two negative or two 
positive poles approach each other : then the corkscrew-like 
undulatory threads are found to be reversed, and they move or 
turn in an opposite direction to the above, and now the similar 
poles retreat from each other. These different results ensue 
after the manner of a screw-pin, playing in its properly 
fitting nut or mother as it ia sometimes termed, which 
accordingly as they are turned, recede froig or approach each 
other. 

The quantity and reception of undulatory we 
from bodies, is the same (of c 
via^iiiliidc and quality of the 
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they emanate) whether theas Hubstaiices lie close together or 
aj-e millious of miles apart ; but not ao the iutennUy of the 
pulsatorj- rays ; their energy iutreases in the ratio of the 
approKiination of one body towards the other. 

334. Belatioe to the empioynLeit of Animal Magnetism. — 
This process is a. dangerous application, when used by persone 
ignorant of the mode of managing its results. The practitioner 
of this art must be very particular to always protect the 
patient from the touch, and sometimes from the very pretence 
of certain peiKona. I have known clavic or convulsive spasms, 
lasting for many hours, ensue from the mere contact of the 
band of a third person, others could not be awakened out of 
their sleep for many hours, after a visitor had made passes 
over the patient, and when the persons did awake they were 
sometimes found to be in an idiotic state for some days, or as 
if deranged. Various other evil cousequences have followed 
from want of knowledge as to the proper mode of procedure 
when entering upon the practice of curing the sick by animeil 
magnetism. For instance, I once saw a lady who was in what 
has been called the mesmeric dream, where persons appear, 
from their acts, to be in the presence of distant individuals 
and objects. Sometimes dancing with the most profound and 
graceful movements as if on the stage in a ballet, at other 
times like one of the alnieh gesticulating before an Eastern 
emperor. During some periods they would appear as if leaning 
joyously and caressingly over a, sleeping infant, aud then 
would come a change over the spirit of the dreamer, who with 
woe begone face would seem to be now picking imaginary 
flowers, and then bending downwards, commence arranging 
them, as if over some daaA friend. It was whilst under a like 
influence that the lady in question was touched by a visitor, 
after which she instantly fell to the ground as if shot ; the 
pulse and breathing ceased for a long time aud we ah concluded 
she was dead. Fortunately there was a sleeping clain'oyant 
present (Ellen Dawson) who solicited the mesmeriser, if he 
wished to save the lady's life, to place his left hand, with a 
piece of silver that was in his pocket, on the head of the 
patient, and then make upward passes with the right. The 
lady under this process, after a tune, suddenly heaved a deep 
sigh, then resumed her breathing, followed by a retm-n of the 
heart's action, and liappily after some hours the patient 
recovered. Children are not allowed to play with combustibles 
or appliances that may prove inj urious when erroneously made 
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use of, nor should ieesperienced people venture upon the use 
of rejnedies whose efiects they are unacquainted with. Persons 
ofteu naturally pass into strange states, which from erroneous 
treatment hy the doctor or other officious individuals terminate 
in permanent idiotcy or madness. Now as these states, both 
recent aud chronic, have been many times cured thi'ough 
mesmerism, so they might have been prevented by the early 
application of this remedy. 

335. Vital animal eUctro-vrngnetism as a therapailtic agent.- 
Animal and mineral magnetism is the moat ancient and sue- J 
cessful healing agent for the sick on record, and has been J 
employed more or less iu every age and clime, as a means to I 
cure the unhealthy. 

(a. I The application of the torpedo was employed in bygone ' 
ages foe the cure of headache and gout, and highly recom- 
mended by Scribonius Largus, a pliysician in the time of the 
Emperor Tiberius. Phny mentions the electricity of this fiah 
as a valuable therapeutic agent, and Diaacorides has recorded J 
a case of prolapsits aiii (protrasion of bowel) that was cured by it, f 

(i.) The Arabian physicians employed electric fish to give 
shocks to their patients. In the same way the negtesaea ii 
various parts of Africa, have for thousands of years been accus- 
tomed to place weak and sickly children in the pools of water 
oontainicg electric fish, in order to effect their cure. 

(c.) The priests of Brahma, in the earlieat periods of the 
world's history, practised in India this mental and manipula- 
tory science, whereby they were said to heal the spirit and 
cure the body. 

The Chaldean priesthood, in some of the most distant eras, | 
removed diseases by the imposition of the hands. Indubitable i 
vestiges of this practice are likewise found among the imomm- 
mental records of India and Egypt, where the priests 
represented laying theii' hands on the sick. Further, it would J 
appear from certain ancient written memorials that the time- f 
'honoured Magi of the Eastern world, produced the temple sle^M 
■by animal electro-magnetism in the fanes or sanctuaries of lais, I 
Serapia, and other medical deities. Zoroaater states that the I 
Farsees in Asia, like the Egyptian sacerdotes in their sacred.f 
'Kysteries, possessed a knowledge of this magnetic Bi 
abihty. The Greeks derived their cognizance of vital animal ' 
electro -magnetism from the Indian and Arabian saget 
in turn communicated their knowledge of this subject to the 
Eomans. 
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(il.) Dr. Meemcc, of Morseburg, in Swabia, one of tbo most 
learned phyeiciaua of bis day, the friend and contemporary of 
HaJinemann, Humboldt, Lavater, Gall, and GoSthe, received 
hi8 first impetus of animal electro-iriagnetiam from Father 
Hehl at Vienna. 

(cj The doctrine of therapeutic human electricity has been 
most sedulousiy cultivated among the learned and enterprising, 
and alBO_ by those poaaessed of moral courage, and who are 
capable of thinking and acting for themselves, thronghout 
every part of tlie globe. It has likewise been most oarefullv 
preserved in every age, although occasionally obscured by false 
notions, prejudices, and miaconceptious, in regard to its true 
nature and legitimate objects. In this more enlightened age 
let it be our endeavom" to hand it down to posterity in its moat 
noble, pure, and beneficial form. 

(/. I Psychomuney, otherwise the treatment of the sick by 
the soul through the hand. This therapeutic practice of 
the laying on of liands was exercised by the ancienta after 
various modes. Thus a direct sanative efficacy was ascribed, 
by the initiated, to the touch of the human hand upon a aick 
person, or the nibbing with tliis member any part of the body 
which might have been in pain, or accidentally injured. 

{<}.) A similar healing ability wa.s attributed to the fingers, 
especially the index digit. Among the Bomaus the forefinger 
was denominated medions, or the doctor, and it was a very 
Kommon phrase with them to say vbi dolor, ibi digUtm—toherB 
the pain, there the finger. By meaiia of the hand the magnetic 
fluid of the body ia distributed, and tlu'ough its application 
Bomnambuliam, vrith its elairvoyanco and ecstatic trance, arc 
often artificially produced. The iinger, as well as the hand, 
according to the belief of the iiunji, waa the inatniment thi'ough 
which the Egyptian science of magnetism performed its 
inii'aclea or wonders ; and hence it would appear that the 
finger was a consecrated object, by means of which such extra- 
ordinary effects were produced in the ancient mysteriea. 

(ft.) The word surgeon or ehinigeon (chirurgia, or surgery) 
is derived from the Greek (cheir) the hand, and (ei^on,) a work, 
because tlic cures toere ■performed with the /(and (qasE manu 
curat). Bays Celsua. 

(j.) In bygone ages the prefegaions of modicuie and divinity 
were inseparable. "Wo read of divinity students learning the 
use of medical appliances in the school of Alexandria, to 
which persons resorted who were afterwards to practise either 
leeches (healers). 
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(/) The Therapeutffi, or healers, aud the Easenes (Jewish 
monks) were one and the same sects. The term therapeutfe 
is a translation at the Egypto-coptic word, signifying the 
abihty to heal ; hence arise the terms surgeons, healers, 
curates, and doctors. 

{k.) The healera of the sick generally resided in the temples 
or rather hospitals, of India, Egypt, and Greece, and they 
there received those who were aihng, in order to cure them, 
Thia object was mostly effected by the laying on, touching, 
rubbing, and stroking with the hand. During thia process 
some of the patients fell into a particular kind of prophetic 
dream-sleep. 

(I.) Diadorun SicuUis, 753 b.o., states that the Egypti 
priests, their pupils and patients were inspired by the goddi 
Isis during their (clairvoyant) dreams, with the knowledge of 
the means of curing themselves of their diseases. 

(tn.) The 'instinct, or rather natural clairvoyance (cleai- 
seeing), of distinguishing remedies for ailments is possessed in 
a measure by animals ; and it is especially exhibited by the 
artificial somnambule produced tlirough mesmerism. People 
in their common sleep have been knovm to naturally dream, as 
it is termed, of certain remedies, tlirough the agency of which 
they were cured of their ailments. 

(n.) j^scwlapias delivered oracles in a dream for the enre of 
his patients. The sick who visited the temples to be healed, 
passed the night in the sanctuary of .ffisculapiua, and were said 
there to receive revelations of remedies in dreams for their 
ailment s . — Cicero. 

(o.) Hippocrates, 460 b.c, stated that the soul retires into 
the innermost part of the body, abandons all external opera- 
tions, and points out everything connected with the corporal 
functions, and in relation to itself recognises everything as 
actually present. The prognosis (to know beforehand) ol 
Galen ofteji occurred to him in his perceptive spirit -dreams or 
clairvoyant condition, as seen in the case related concerning' 
Sextus the Senator. 

(jj.) Apolloniiis TyancBUS -w&s a, clairvoyant and clairandimt 
physician, and studied physics, psychology, and metaphysics, 
aa practised by the priests in Egypt, Delphi, and Some. 
Temples were erected to him. He travelled in India, Persia, 
and Egypt, settled at Ephesus, and tliere died at the age of 
The miracles, or rather cures, he performed, were opposed 
the later Pagans to those of Christ. 
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(q.) The more profound inquirerB among tlie ancient Magi 
were aware that the development of the spiritual or physical 
phenomenon which ia now called clairvoyance, spiritual pet' 
eeption, lucid vision, second sight, propJtecy, or actio in distam, 
proceeded from a faculty of the Bonl, when freed from the 
obstructing fettera (as commonplace circumstances and business 
habits) of the material organisation, and thus left unshackled 
to BxerciBB its own inborn energies, 

(r.) According to Celsus, Asclepiades produced sleep by 
means of certain frictions made on. those affected with frenzy. 
It happened frequently, according to the same author, that 
too muck friction plunged the patient into a state of deep 
lethargy. 

(a.) SomnambuJisra, or sleep-walking, also termed noctam- 
bulism, noctesurgiam, and ecstacy. Ac., appertaining to the 
human system, ensues in certain disturbed and unhealthy 
conditions of the body or brain and nervous system. It must 
not be forgotten that the so-called spiritual exaltation takes 
place in the day as well as by night. These sleep-walKors 
have h'equently been known to perform a variety of operations 
with ease and esactitudo, which would have i-equired the 
utmost vigilance of a person fully awake. These afflicted 
individuals, though entirely deprived of the use of their 
natural or conmion organs of estemal sensibility, read, write, 
and often perform difficult and dangerous feats, which no sane 
man would ever tliink of executing if awake, or in his normal 
condition The eyes of natural somnambules are usually 
closed, but ii] some instances thay are found to be more or 
less open. These conditions also sometimes occur when 
sleep is induced artificially as by the liunian magnetiser's 
hand. 

( (.) Noctambulism is not, we may observe, imfrequently com- 
plicated with certain morbid states of the mental disposition 
and corporal system, such as vieia/ncholia, epilepsy, St. Vitus's 
daiice, hysteria, catalepsy (immovable seizure of the body), 
inflammatory and intermittent fevers, worm complaints, iJic. 
Certain forms of somnajnbuhsm have often been mistaken for 
temporary delirium, or actual insanity. Very many of those 
unfortunate persons who are now in madhouses would un- 
doubtedly he dwelhng in their homes, employing ail the natural 
senses for the welfare of themselves and family, if their 
medical advisers had known and employed the use of animal 
electro- magnetism and other manuftl and remedial appliances. 
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Health, like disorder and disease, can be commimicated to ovi i 
fellow creatures. This knowledge enables the mesmoriBer to 
cure all the above maJadies, including ecstacy, sleepwalking, 
and even chronic madness, as before noticed. 

(«.) It may be desirable to here call the attention of the j 
reader to the discovery and origin of the use and efficacy of the I 
vital electric fluid of the human body. 

{v.) It has been noticed in all eras and in every cUme- 
omong saTEgesas well as t)je most tivllised — that some natural 
somnavibules would at periods rise from their accustomed coueli 
of repose for tbe purpose of visitiug some sick or diseaead 
peraoti, wlio might he dwelling near them. These noctam- 
bulists, when followed, have generally been observed, after 
leaning forward, as if to regard the malady of the patient for 
a time, to extend the baud with opeu fingers and pass it oveF J 
different parts of tbe sick person, especially attending to thai 
locality which might be ailing. It has also been recognised 
during these manipulations that the sleepwalker would at 
intervals breathe over the portions affected, and then make 
long passes with the hand from the head towards the feet ol 
the suffering individual. It was likewise noticed that at the 
termination of each movement tbe somnambule would shake 
the hand, as if to flirt off from tlio fingers something they might 
have absorbed from the invalid, on to the ground ; sometimea 
they were seen to dip the finders in water, and then rub tkem \ 
dry in a cloth. After operating for a time, the s 
netisers would contemplate for awhile the effects produced, 
and then retire to their usual places of rest. 

I myself knew tbe daughter of a Mrs. Hibbert who wouldin 
this sleep sometimes visit her mother at night and hold long 
conversations of strange hnport, and sometimes beyond th« J 
parent's comprehension. At other periods, if any of the I 
children, or the father and mother were ill, tlie young lady 
would, whilst in her noctambulistjc state, pay them a visit, 
and silently, in all the hush of tlie hour, touch, or pass the 
hand, and, at periods, breathe over them. After thus occupying 
herself for a time, she would quietly retire to her own bed. 
Some years ago a lady, whilst sojourning in Scotland with ■ 
friend, became ill. During her sickness she one momii^ 
greatly surprised her entertainer by asking who the young 
person was who paid her a nightly visit en chemise, and busied 
herself in smoothing down so pei'sistently the coveringa of 
her couch, by passing her hands continually over the bed- _ 
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clothes. It was afterwards discovered that this attention 
proceeded from a servant-maid, who subsequently was found 
to be a sleepwalker, and who in succeeding times acted upon 
others similarly when they were ill. 

(w.) From the foregoing incidents, it would appear that there 
can be no doubt that man was originally taught the animal 
magnetic mode of healing by the natural noctavihxdistic i^hy- 
sician. 

Mesmerisers, who are accustomed to induce artificial som- 
nambulism, frequently, when opportunity presents, witness 
their patients act in the same manner as related above, or at 
least the induced sleepers can and do magnetise the sick, and 
often express a wish so to do. After mentally examining a 
patient, clairvoyants dictate the mode of manipulation and the 
medical apphances that should be exhibited. 

Eelative to cases of disease cured and the modes of manipu- 
lating the different magnetic poles of the body — the author 
refers the reader to his work on *' HomcBpathy," and other 
modem systems, contrasted with allopathy. 
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336. Sound. (French, aou.) — To explain the nature and 
production of sound, the laws of ^te propagation through the 
various media which convey it to our senees, and the manner 
of its action on the orgauR and the brain with its associated 
nervous system ; and also tlie modifications of which it is 
susceptible in speech, music and inarticulate noises, likewise 
the means, natural or artificial, of producing, regulating or 
estimating them, is the proper object of acoustics. I shall in 
the following article consider sound as having an imponderable 
material existence, resembling light and heat, since tike thesa, 
it can be reflected and deflected from surfaces, after themanner 
of solid substances, and can also, similar to light (as ^ritnessed 
in Professor Crooke's late experiments) produce mechanical ' 
effects, as where it shakes a building and even the ground on 
which it stands. Further, sound acts upon our special senses 
if thrown into shape aa where ii forms musical notes. It can 
likewise appeal to the feelings, as when creating the cadence or 
producing a concert. A negative nothing could not yie\dpositive 
effects. Moreover, the matter of sound — ^lilce heat, light, and 
electricity, must be assoiiiabed wiT.h, or eater into the 
tion, of all entities, f,a demonstrated by t 
telephone and micfophone, whether solid, fluid or aerial, and 
in fact must exist eve'.ywhere, even throughout unbounded 
space ; but of coarse to render it evident to our perceptive 
faculties, it must, when ejected from certain bodies, come in 
contact with gravitating or ponderable matter. 

337. Sound cannot be called forth in vacuo, by reason, that 
it is extracted, with the other constituents of the atmosphere, 
as by the process of eshsLnstioc, throughmeans of the air-pump. 
It has been lately proved, that if the ringing bell situated under 
the empty glass, ba connected by a wire with the external air, 
then its sound can be distinctly heard, 

Aa our aerial element becomes condensed, so also must the 
mfttter of sound, resident in it, which condition enhancea it%j 
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oDOCoua capability, els expuriencQil iu the diving-bell; and 
ice versa, as the air is inade rarer its sonoroua capacity 
ecreaseB, as witnessed on aacending mountaios ; a pistol fired 
n Mont Bloue produces no greater report than a small 
racier would liave done when bursting in the valley. The 
pnnd called forth by the explosion of the meteor of 1719 at an 
levation of 59 miles (upwards of 20 niiles above oiu- atmosphere) 
ras compared to a braadside from a ship of war, and shook the 
pors and windows of many houses. (Ealley, Phil., Trans, v. 30, 
978.) This fact shows, that the imponderable matter of sound 
pUBt have au existence and be capable of developing certain 
pii sequences, without being in the presence of ponderable 
nediuma, and also points nut, that it is only when coming in 
lontact with gravitating elements, t!iat its presence and capa- 
filitieB can be made known to us. 
Sound requires tivie for its propagation. Thus, the flash of 
e gun is seen before its detonation is heard. The report of 
he bursting meteor of 1783 was perceived at Windsor Castle 
[0 minutes tHRat its disappearance. 
338. The velocity of sound. — This result is not always easy 
determine, as it is increased by the wind — its motion being 
ndded to that of the sound; again, it is also retarded as per- 
leived when we are situated where the wind is blowing' from 
I— like the stone thiown into a running stream, waves are 
■oduced by it in every direction aimilar to those effected in 
le Still lake, but it may be discerned, that the ripples going 
ith the current, will arrive at a given distance, before those 
liat tti-e travelling against it. The progress of sound has been 
raxioualy. calculated by different experimenters, but the mean 
if the whole is about 1,090 feet in a second at the temperature 
(f 32'^ P, Every additional degree of heat retards sound about 
I, foot in the same period of time ; moisture, fogs, and rain 
appear to make little difference as to its speed. Sound then 
may be said to travel, in dry air, at 32°, l,090feet or 363 yards 
per second, and at 62° F. 9,000 feet in 8 seconds, that is 12 miles 
in a minute or 765 miles in an hour, which is about J of the 
diurnal velocity of the eai-th'a equator. 

339. Bettirdaiion and apreatiiii-g oj Sound. ^FMingnjiow, or 
when,it is lying fresh on the ground, obstructs soimd, but not 
when frozen hard. Sound is propagated over water and ice 
with remarkable clearness and strength. We can hear on the 
Tliamea— according to Dr. Hutton — a person read at a distance 
, of 140 feet, whilst on land, the same could only be distingui^ed 
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76 feet. Again, at the north pole, a parson can hrfd a conver- 
sation with another individual at the space of 6,696 feet or ft' 
mile and a quarter. 

3i0. Distances at which sounds have hcenheard. — Dr. Young 
relates, on the authority of Derham, that at Gibraltar, the 
hninan voice has been heard 10 miles across the Strait. Guns 
fired at Carlacrona were distingnished across the southern 
extremity of Sweden as far as Denmark, or 120 miles. Dr. 
Hearn states that he heard guns fired at Stockliolm when 180 
miles distant. The cannonade of the sea fight between the 
■English and Dutch in 1672 was recognised across England as 
^fer as Shrewsbury, and even in Wales, 200 miles from tllftJ 
(scene of action. 1 

-J. 341. Eve7-y kmd of sound travels with equal velocity. — The 
Bounds of all pitches and of every quahty, journey witH like 
'^eed, as we discern in the musical tones of a band ; whatever 
is the distance that they can be properly heard, they arrive in 
equal times, 

342. Intensity and conduction of sound. — A very material 
difference ia observed in the intensity with which sounds are 
propagated, or the distance at which they may be heard with 
equal distinctness, according to a great variety of circuni-, 
stances. Thus if a sound be prevented from spreading and' 
losing itself in the air, whether by a pipe, the vicinity of an 
extensive flat surface, as a wall, or otherwise, it may be con- 
to a very great- remoteness with httle diminution of 

ability, as we know when speaking through pipes. Thus a 
[^hisper was heard by M. Bist through 3,120 feet of tubing 
(ased to supply Paris with water), and a pistol fired at one 
^nd extinguished a candle at the other, and drove out light 
^Jfeubstances, placed therein, with considerable violence, 

A pin dropped into the well at Carisbrook Castle, which 
316 feet deep, and 12 feet in diameter, can be distinctly hei 
to fall into the water. The interior of this well is lined wit 
very smooth masonry. 

343. Beflecthii of so7HHi.— Audible vibrations, like rays 
light, can be reflected as recognised in echoes. I'or instance, 
there is one in Woodstock Park repeats 17 syllables by day and 
20 by night. In St. Alban's Abbey the tick of a watch may 
be heard from one end of t]ie building to the other. 
Gloucester Cathedral a gallery of an octagonal form, conve] 
a whisper 75 feet across the nave. An echo on the north sit 
of ,-Shiply Church repeats 21 syllables. In the Cathedral 
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inti in Sicily, the eliglitest whiepei' is borae with perfect 
diBtinctnesB 350 feet. An echo iu an old palace near Milan, 
repeats the report of a pistol 60 times. 

344. Severberalion of sounds from clouds. — The rolling 
thunder is do doubt produced from the clouds reflecting the 
Bound one to the other. It has been noticed that when cannon 
are fired, if the sky is clear, there is only one single report, 
fcnt when there are many clouds, the answering detonation is 
lite thunder, and double and treble aonuds will arrive from a 
Single discharge of the gun. Two blows equally loud, and 
precisely tJie same distance frovi the ear, will sound as one 
Stroke of doable the intensity, and bo on with any number of 
jercusaions. 

845. Utululatori/ vibrations. — -We. mostly have waves in 
lentle currents of the atmosphere without sound, and also in 
be quiet streams of the ocean, and we likewise have sound 
rithout discernable undulations, as displayed by the tele- 
thonic apparatus. Again, currents of electricity and niag- 
tetism, have, like sound, a vibratory, or bowed, ellipsoid 
lourse. In fact, all entities — when free to move^ — whether 
olid, fluid, aerial or imponderable, assume during change of 
llace, or otherwise, a curvilinear or wave-like motion. Fur- 
!her, when audible waves of sound are zigzag, or irregular, in 
(utline, and especially if at all vehement, the matter of sound 
ben occasions, or produces, tioises, but when tide sonorous 
slemeut is thrown into form, it now creates melody, or 
tune. 

The oscillations in a field of standing corn as a gust of 
Bvind passes over it, give the idea of the motion of a wave ; 
Sve see the vibrations which are occasioned by the impress 
of the breeze, acting like a mould, or matrix, on yielding 
Surfaces. 

346. Effects of hydrogen on the Mice.— ^This very subtle gas 
would appear to have but little of the material element 
Sound diffused throngh it, which circumstance, combined with 
its rarity, causes, when breathed, the voice to become very 
feeble and shrill in pitch. During combustion this gas evolves 
singular acute sounds when passed through certain tubes, 

347, Propagation of soimds thro'ugh fluids. — Liquids being 
elightly elastic and more dense than gases, transmit sound 
better than the air. Mr. Anderson from this fact concluded 
that fishes wei'o devoid of hearing, because they appeared 
insensible to the sounds produced in the atmosphere, but 
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when the slightest noise was made in the water or upon the ' 
glass globe containing these animals, they immediately noticed 
or felt it, though they have no ears, or at least no external 
auditory organs. People also when diviDg recognise noises 
faintly, if made in the air ; and at twelve feet deep they conldJ 
scarcely hear the report of a gun. One diver hoUoad undMi 
the water, hut was scarcely heard by the persons in the air. 

Franklin, having plunged his head below the water, 
a person to strike two stones together beneath its surface, am 
he heard the blows distinctly at the distance of half-a-mil^ij 
Sound flies through sea-water at 4,921 feet per secotu 
according to M. Eeaudant, but M. CoUadon gives 4,70( 
which is perhaps more correct ; this latter gentleman I 
plunging vertically into the water — a tin cylinder three yftrd 
long and eight inches in diameter, closed at the lower endtV 
and open to the air above, was enabled to hear the stroki 
made on a bell midec water nine miles distant, across th^ 
whole lake of Geneva. He also noticed that the sound of ft 
bell struck under water, when heard at a distance, 
resemblance to its sound in air. Instead of a continued tonflij 
a short sharp noise is heard, Uke two knife blades stru 
together. 

348. Propagation- of sound in solids. — Certain hard bodid) 
are equally well or better adapted for the conveyance of » 
than fluids, as is the case with some of the metals. 
quaUty of resilience appertaining to many of these dens 
bodies capable of transmitting sound, has been called i] 
schools elasti^eity (see article on "Elasticity"), but I object to tW 
term as appHed to the recoilment of one substance fe<M 
another after percussion ; in fact it is a modern meaninggiv* 
to this word, not to be found in Bailey, Johnson, or any othw 
dictionary, and, therefore, is calculated to mislead rather that 
explain the cause of this property in certain materials. TJ^ 
word elastic, as used in common parlance, is explained 1 
lexicographers, as being that ability in bodies by which th^ 
endeavour to restore themselves or return by a i 
capacity to the form from which they have bet 
destroyed ; in other words, elasticity may be defined as t! 
property of bodies, by virtue of which, tiiey admit of chai^ 
either of size or form from the application of some external* 
control, resuming, iipon the suspension of that control, their 
proper shape or volume. The most elastic bodies in nature 
ate gases and vapours, and vice versa as regards fluids. Thg 
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inliereut cauae of the rebounding of one materiaJ from another, 
is the result of an electric rea-ction ; for instance, balls of 
india-rubber, cork, bone, and resin, are very bad conductors of 
electricity and heat, lieuce their true resilient property and 
incapacity to convey sound, but metals, which are very 
compact and hard readiJy transmit the sonorous principle ; 
yet they have very httie i-ecoihng ability. (See sec. iO, 
and article " Eesistance.") 

349. Eeturniug to the propagation of sound in solids. One 
important condition in their constitution as regards this 
ability, is homogeneity of aubabance and uniformity of 
structure. The effect of want of homogeneity or lika 
cliaracter, in a medium on its ability of propagating sound, is 
precisely analogous to tliat of the same cause in obstructing 
the free passage of light, and for the same reason. The 
sonorous pulses, in their passage through it, are at every 
instant changing their medium. Now at every change of 
medium, two thiugs occur ; first, a, portion of the wave is 
reflected, and the intensity of the transmitted part ia thereby 
diminished; secondly, the direction of propagation of the 
transmitted part is changed, and the sonorous rays, like those 
of light, are turned aside from their direct course. Thus, the 
general wave is broken up into a multitude of non -coincident 
waves, emanating from difletren^ origins, and crossing and 
interfering with each other in all directions. Now, whenever 
this takes place, a mutual destruction of the undulations, to 

I a greater or less extent, arises, and the sound is obstructed 
and stifled. Further, as the parts of a non-homogenous 
medium differ in elasticity, or rather conductibility, the 
velocities with which they are traversed by the sonorous 
poises also vary; and thus, among the waves which 
ultimately ai'rive at the same destination in the like direction, 
some will reach sooner, and others later. These, by the law 
of interference, tend materially to destroy or neutralize each 
other. 

350. But of all causes which obstruct the propagation of 
sound, one of the most effective is a want of perfect adhesion 
at the junction of the parts of which such a medium consists. 
The effect of this may be conceived by regai'diug the superficial 
strata of the molecules of each medium when in contact, as 
forming together a thiu film of less elasticity, or rather con- 
ductibihty than either ; at which, therefore, a proportionally 
greater reflection of the waves will take place, than if the 
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cohesion were pevfect, just as liglit ia much more obatnictei 
by & tiaeue of cracka pervading a piece of glaea, than it woiil3| 
be by any inequality in the composition of the vitreous substance 
itself. 

Again, as long as effervescence lasts in champagne, and the 
wine is full of atr-bubb!es, the half filled glass cannot be mad* 
to ring hy a blow on its edge, hut gives a dead disagreeable 
sound, whilst as the effervescence auhaides the tone becomes 
clearer, and when the liquid is perfectly tranquil the glass can 
then ring as usual, but on re-exciting the bubbles by agitation, 
the musical tone again disappears. To understand the cause of 
this, we must consider what passes in the communication rf 
vibrations through the liquid from one side of the glass to tha 
other. The vessel and its contained liquid, to give a musical, 
tone, must vibrate regularly in unison as a system, and it 
clear, that if any considerable part of a system be inausceptibll 
of regular vibration, the whole must be so. 

351. Sonnds are more audible by night than by day, owing, 
to the uniformity of the temperature of the atmosphere byi 
night, when upward currents of air, heated by their contact 
with the earth under the influence of the sun's rays, are no 

I longer contiuually mixing with the upper strata, and disturbing 
equihbrium of temperature. It is obvious that sound, as 
well as hght, must he otfstructed and dissipated from its 
original direction by the mixture of air of different temperatures,,! 
(and consequently elasticities) and thus the same cause whioh^ 
produces that extreme transparency of the air at nighfe, 
required by astronomers, renders it more permeable to sound. 
There is no doubt, that the dead silence prevalent at night 
renders our auditory nerves (or that portion of the brain 
nected with them) sensible to impressions, which wonl4_ 
otherwise escape them. — (See article " Optics," sec. 19.) 

There is an exception to tliis latter economy with deaf peoph 
who hear best when the nerves of the sensorium are put on 
stretch, so to speak, as when they are riding 
are near machinery whilst working, and also during the roU 
the drum. Again, people confined in silent cells often 
1 deaf from disuse of the organs that appreciate sound. Further, 
[ ■tffe hear better in cold than in warm weather, owing to the 
density of the atmosphere, during the prevalence of the 
former. 

352. Sound in mixed gases varies only with their 
In hydrogen the velocity of the pulsation is nearly three 
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I its celerity in the atmosphere, In azote and oxygen the 
"Velocities are so nearly alike, that little obstruction can arise 
pt^oin its influence, so that as far as the phenomena of sound 
|_Wi.re concerned, atmospheric air may be looked upon as a 
ptsomogeneous medium- If saturated with aijueous vapoui-, at 
liiigli temperatures, howeyer, it is possible that the effect may 
ra^iecouie sensible, and perhaps to this cause may be attributed 
[ -fclie phenonieuon of the occasional duplication of the sound of 
I » gun heard from a great distance, a part of the sound being 
I tranamitted more quickly than the rest by aqueous vapour, or 
I ^ven by water in its liquid state, suspended in the air. If this 
"be the cause, sound uiight be expected to be heard double iu 
I "thick fogs, or in a snow stonn. But the remarkable obstruction 
I -to sound caused by fog, and especially by snow, would probably 
i prevent any sound from being heard far enough to permit the 
interval of the two pulses to be distinguishable. To the fore- 
going we may add the well-known effect of carpeting, or 
■woollen cloth of any kind in deadening the sound of music in 
an apartjnent. The intermixture of air and sohd fibres in the 
cai'pet, through which the sound has to pass, deadens the echo 
between the ceiling and floor by which the origiual sound is 
swelled. 

353. There are two very .important particulars iu which 
aoUda and fluids difl'er in conducting- sounds ; 1st, the molecules 
of fluids are capable of displacement among themselves. Those 
of solids on the contrary, are subjected to the condition of 
never sensibly changing their order of aiTaugement ; 2nd, each 
particle of a fluid is similarly related to those around it in all 
directions; relative to solids each molecule has distinct 
surfaces, and different relations to space and to the surrounding 
particles. Hence arise a multitude of modifying causes, which 
must necessarily affect the propagation of sonorous pulsations 
through solids, which have no place in fluids ; and modes of 
vibration become possible iu the former, which it is difficidt to 
conceive in the latter, whose parts have no lateral adhesion. 
Thus we may conceive pulses propagated in solids hke those of 
a chord vibrating transversely, in which the motion of each 
molecule is transverse or oblique to the direction in which the 
general pulse is advancing. 

354. The conducting abihty of wood along the grain is very 
remarkable. If any person apply his ear close to one end of 
the longest stick of undecayed timber, ati'i an assistant at the 
other extremity scratch with the point of a pin, or tap so 



lightly with its head as to bamaudibleto hiinseli, every Mratch 
or tap will be distinctly, nay, loudly heard at the other end as 
if close to the head of the listener. This result is hke the wave 
travelling along the loose rope, or whip, produced by means o! 
the hand, (aee article " Optics," sec. 8,) the pulsations gain 
energy as they proceed, and the matter constituting Bound and 
electricity become aroused into more vivid action, and 
re-operate after the manner ot the echo in a cavern, where the 
reverberation of sound is increased and' redoubled within 
certain bounds, 

In general, however, all solids, if tolerably compact, conduct 
sound well, and transmit it rapidly. Thus a blow of a hammer 
against a rock produces two sounds,, which separate in theit 
progress; that propagated tkvough the stone ■arriving almost 
instantaneously, whilst the sound conveyed by the air h 
behind, as well known in the process of blasting rocks. Thai 
telephone shows the same results with regard to wires. 

When sound is conveyed along wires, or iron pipes, 
travels at the rate of 11,090 feet per second, at the tempera- 
ture of 51° Fahr. This is about lOJ times faster than its 
velocity in air. 

355. Soundsiu general spreadin all directions ; but atunin^ 
fork being struck sharply, and then held by the handle against 
a, substance, is set in vibration, the two brandies of the fork 
alternately approaching to and receding from each otlierj 
Eacli of the prongs, consequeotly, throws the air, or its couJ 
Btituents, into vibration, and by resting the fork upon certaill 
solids, a musical tone is produced. But this sound is ■ 
unequally audible in different directions. If the axis of 
tuning fork, or the line to which it is symmetrical, beheld upri( 
about a foot from the ear, and it be turned round this Bxia 
while vibrating, at every quarter revolution, the sound will 
become bo faint as scarcely to be heard ; wliile at the inter* 
mediate axis of rotation it is heard clear and strong. Tlw 
audible situations lie in lines pei-pendicular and parallel to t] 
flat faces of the fork, the inaudible at 45, inclined to lli 
forms of bodies, when giving off sounds, have a great iiifiueiu 
on the quality and direction of the sonorous waves, 
" Optics," sec. r.j 

35(3. The reflection and refraction of sound fi-oni obH^l 
surfaces obey the same geometrical lawa with those of light. 

357. Of the nature and production of musical munds.—^l 
irregular imiralse, coiiimimioated to the air and the suri 
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bodies. pi-oUuees wluit is callud a, noise, iu coiitradiBtinctiou lo 
a HHisical tone. Kach noise h&a its parCicul&r character, as 
the crack of a whip, tlie blow of the hammer on a etone, or the 
report of a pistoi, sliowitifj that each body from which souncls 
omaaate, ffu'cs to t}iat ■ sennul certain qiialitus, depemleut on 
the character, shape, aaid couipoaitiou of the auhatauces from 
wliieh they were evoked. A musical sound is said to be a 
succession of impnlees, at equal intervals of time. To this 
aesei-tioii I wouid add that these pulsations to produce a 
mdodious tone must assiune a particular curvilinear ventral 
section, or aemiovoid form, which, can be demonstrated hy 
Chladni's apparatus. {Hee sec. 40.) Helative to musical 
sounds, it is further stated, that there, are three principal 
points of distinction, nz., the pitch, the tntemU//, and the 
qiuility. Of these the intensity is said to depend on the 
violence of the impidses. I would observe that this is true in 
respect to noises, but not as regards a musical tone. Thus, if 

e press heavily, or with too much energy, on the edge of the 
musical glass, or bear down with the fiddle-bow, or strike too 
energetically the pianoforte keys, and likewise if we make use 
of too much straiji m propelling air through musical pipes, we 
shall produce from each melodious apparatus only a confused 

in, or a note that i^ not penetrating or intense, frouL w^ant , 
of proper shape and amootliness of its outline. To bring forth, 

: evoke, a characteristic perfect tone, we must commence 
witli a gentle effort, whicli hy electrical action (sue sec. 40) 
will eausB the continued Howing pulsations to assume ceitain 
ventral sections, or semiovoid fomi-s. It is thie cvenli/ curved 
outline of the undulatlouB that produces tlie excltmg or 
intense tone in question. Of course~'tlie pitch and unison of 
naoh distinct note will depend on tlie number, of smooth pul- 
Batious made, or incited into action in a given time, and also 
upon the size of its ellipsoid -shaped waves ; but the quality 
will be contiivgent upon tlie evenuoss. or regularity, of the 
curvilinear outliue making up each undulation. No vibrations 
o( Uie air (which is merely a vehicle for melodiouti tones) could 
possibly produce a musical note, bliis evolution depends upon 
the instrument and certain solifh that are capable of throwing 
I imponderable material element constitutuig sound, into ' 
distinct forms, thus creating each separate note, Tlxis result 
is perfectly indepeudent of what the French call timbre, or 
those particular distinctive noise-suutiUs that ajipertain to our 
vocioua musical iu&trumeuts, aud which accompany the 
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melodious tones evoked from them. The electric thumiei 
may roll and reverberate among the clouds, and -the sfci 
blast roar, and when subdued into the gentle breeze, ma] 
whistle as it drives or plays against and over irregularlj 
shaped objects ; but these are noises, and can wake up m 
conception of a musical tone. Further, the humming son 
times produced by machinery, or the buzzing from the beati 
of the insects wing, and the chirruping produced by the crickei 
and grasshopper, Ac., are not even an approach to musu 
notes, but merely, as regards the tempest, astounding noise»j 
and in respect to the zephyrs and in sect -energetic efforts, the; 
are only attractive sounds, which could never wake up, or 
cause the jierve-loops constituting the cerebral organ of melody 
to vibrate, so as to excite the sensation or feeling generated by 
musical cadences. 

In addition, the singing, as it is termed, or rather — whi 
too near— noisy warbling of bii-ds, which give expression 
their happy feelings, are no more muBica!ly-/ormed notes than 
the utterances produced by other animals. It is true that 
some of the feathered race can be taught, like the human 
being, to vocalise certain strains, as instanced by the piping 
bulifiueh : but the natural carolling of birds niay in a manner 
• be associated with the oral recitative, or chanting words, 
hummed forth by man. In fact, it will be fomid, on examina- 
tion, that there is no half or whole tone which can be 
educed h-oin musical instruments "that at all resembles the 
sounds produced by machinery, or naturally evoked by 
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It may be here noticed that when a musical band is heorAl 
at a certain distance, the educed strains will impinge on 
senses with Httle, if any, timbre, and in correct harmonii 
unison, although certain of the performers may have calli 
forth their separate parts rather discordantly, or out of turn 
by producing musical undulations having a zigzag outline, 
which is only an approach to the contour that charoeteriseB a 
defectlesB tone. The perfected result as regards the musical 
notes in question, ensues by reason that each tone is endowed 
with a particular elastic quahty, which probably enables it, 
when evolved with its outline uneven or puckered, to right 
itself, as it sweeps along, so as to form, or unfold, into a, 
smoothly-cm-ved and semiovoid musical wave. (See see. 40.J 
Again, if a very indifferent player, who is recognised, w] 
near, to call forth harsh tones, owing to their having ii 
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atillinea, be requested to remove to a certain (listance, Ids then 
evoked notes will reach the liateiier's ear in a corrected state 
or form, and wil] no longer disturb the auditor's organ of 
melody, In addition, the timbre aud noises onlytravel a short 
way, whilst the perfected note continues onwards. It may be 
here further noticed that the form and number of pulsations 
of a given musical tone will be the same, however varied the 
apparatus may be from winch it is eUcited. Thus, certain 
performers have been known to ca.ll forth a perfectly smooth 
clear note, without any timbre appertaining to the inBtriinient 
they may have played upon. For instance, I have heard 
Paganini educe from the violin, Bottisini from the double bass, 
and Herr Koanigfrom the cornet ft, piston, and others from the 
flute, and even the jews'-harp, notesquite as clear as the vocal 
tones created by the most accomplished singer ; thus showing 
that the soul, by means of the nervous system, can announce 
its feehnga, and create tromcrade sound-matter perfect musical 
notes, like as the sculptor carves iato being — out of stone — the 
model resident in his m d 

The sirene — an instru t t d by Baron Cagniard de 

la Tour — sounds equallj p f t if plunged in water and fed 
by a current of that flu d a wh n il yed upon in air; thus 
proving that it is the in tn t al that gives an undula- 

torp form to the matt f 1 resident in the above 

elements. Hie shape a 1 p t h f 1 vibrations then, do not 
depend alone on the nat f th 1 um in wliicli the sound 
is created. Thus air, w a ,w d, nd especially the metals 
^aa exemplified by the telephone) are conductors and feeders 
—so to apeak— of the melodious sounds, thrown into vibratory 
_/arm through the agency of certain shaped musical instru- 
ments. To properly meet the economy of the laws of soimd, 
all musical apparatus should doubtless be made oval or smooth 
and curviform, and likewise the sides aud roof of the rooms 
wherein these instiiiments are exercised, thus adapting their 
surfaces to the ovoid sonorous undulations that may be 
created or rather called into action by performers. There 
was a celebrated Mr. Potter, of Bristol, some eighty years 
Eigo, who was accustomed to construct many of his flutes oval 
instead of round, the fonner, mode of metal, were very much 
appreciated by amateurs for the exquisite clear and mellow 
tunes that could be elicited fi-oui them. There can be little 
doubt that all tubes which are designed to evolve pure aud 
I V f ^tlb noteBi Bfaottld be made ovaJ, aJmilar to theae flutes, or 



shaped like the mouth preparatory to whistlinj<, thus adapting 
them to the form of melodious undiUatory pulsations. 

The tones from the horu are rendered more intense or 
effective by curving the tube on itself ; this proceeding enhances 
or gives energy to the blast produced, and also causes the 
sound to be heard at great distances 

It has been stated by all sensitive musicians, that bad 
players injure good instimnents, and vice versa, that apt per- 
formers improve indiffeieut niusical apparatus. This is 
the chief reason why fine musicians never allow inferior per- 
formers to play on then favorite instrument, even though it 
were a pianoforte, which to preserve m good and efEective 
order, uiuat never have its keys exercised when out of tune. 
There can be uo question that the tones produced by a skiliul 
performer, establish certain even or true chaimels, througli 
which his evoked melodious sounds undulate as they permeate 
the inatrumeut ; whilst an interior musician produces irregu- 
larly curved or unevenly fonued tones, wliich break up the 
smooth conduits established by the able master. 

Motory ahility of musical tones. — The pealing organ, by 
sonoro -electric action, can cause a large building, and the 
earth on which it stands, to tremble, which phenomena may 
he readily felt through the whole body, thus calling forth 
particular motive effects, that no loud noises or boisterous 
hurricane could create or educe. Pui'ther. It is well known 
to musical peiiormers that whilst exercising their vocation in 
certain rooms ; some of the thiugs there present - especially 
when particular strings of the iuatruinent are iu action — vrill 
tremble aud react back in response to a given evoked tone. 
Thus, sometimes in calling forth a special note, the player 
finds it becomes very unsteady, or is not clear, aud ou seeking 
the cause of the interruption he finds that it appertains to 
some loose ornament situated in the chamber, or a piece of 
furniture, as the looking-glass or a broken pane of the window, 
&a., and if this object be removed or prevented from throwing 
or echoing back jts responsive or reacting vibrations— the note 
in question becomes clear and effective. Instrument-tuners 
are, some of them, perfectly aware of this fact, and now and 
then, whilst at their occupation, can by seeking, discover the 
material, producing the disturbance or interfering with the 
pulsations of the string or pipe they ai'e essaying to put in 
tune ; of course it will be found that on removing this 
answering sympathetic — so to speak — trembling object, tlie 



note they wish to educe, becomes freed from the impediment 
that thwarted its proper action. 

358. Stlnliue to the vibraHims 0/ ■miisloal strings or chords. — 
If a string or wire be stretched between tWo fixed pina, or 
supports, aud then struct, or drawu a little out of its straight 
line aad suddenly let go, it will produce a twanging noise, and 
at the saine time vibrate to and fro. until its own rapidity, and 
the resistance of the air &o., reduce it to rest ; but if a resined 
bow be drawn across it— producing an eleeirio action — the 
vibrations are eoiitinually renewed, and if attaclied to au instru- 
ment, a musical ^onaii is formed aud heard corresponding to the 
size of the ellipsoid wave and the rapidity of the pulsations. 

359. A chorti. although vibrating freely, may yet have any 
number of points eqiuilly distributed at aliquot parts of its 
length, which never leave the axes, and between which the 
vibrating portions are equal and similar, and lie alternately 
above and below fhe axis, and in reversed positions as to right 
and left. Such points of rest are called nodes or nodal points, 
the intermediate portions which vibrate are termed hslliea or 
ventral segments. (See sec. 40.) 

360. If a string in the act of vibrating be touched iu any 
part so as to reduce that poiut to rest and retain it in the axis, 
then if after the contact it vibrate at all, it will divide itself 
into a number of ventral parts siniilar and equal to each other, 
and separated by nodes, and each of these will vibi'ate as if 
the other had no existence, but act. as if the nodes were tixed 
points of attachments. 

361. If the string of a violin, wlnle maintained in vibration 
by the action of the bow, be hghtly touched by the finger or a 
feather, exactly in the middle or at oue-thkd the length, it will 
not cease to pulsate, but its undulatious become diminished in 
extent and increased in frequency, and a tone will be audible, 
fainter, but itiucli more acute than the original, or, as it is 
termed, the fundamental note of the string, and corresponding 
in the fonner case to a double, in the latter to a triple rapidity 
of vibration. The note heai'd in the former case being the 
octave, in the latter the twelfth above the fundamental note. 
If a small piece of light paper, cut into the form of an inverted 
V, be set astride on the string, it will be violently agitated, 
when placed in the middle of a ventral segment, while at a 
node, it will ride quietly as if tliestiing were (as it really is at 
these points) at perfect rest. The sounds thus produced are 
tenaed hatmonies. 
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362. It was loog known to musicians, that besides tlie 
principal or fundamental note of a string, an experienced ear, or 
rather organ of vielody, couid detect in ita sound when set in 
vibration — especially if vary lightly touched in certain points 
— other notes, related to the fundamental one (as the 3rd and 
5thi by fixed iaws of harmony, and which are called therefore 
harmonic sounds. They are the very same, which, by the 
production of distinct nodes, may be insulated, as it were, and 
cleared from the confusing effect of the consistent notes or 
Bounds. They are, however, much more distinct in bella and 
other sounding bodies than in strings, in which only delicate 
ears or rather acute melodious senses can detect them. 

363. If two chords equally tense, and in all respects similar, 
but one only half, one-third or aliquot part of the length of the 
other, is placed side by side, and the shorter be struck or 
sounded, the vibration will be eommunieated to the longer, 
which will at ohce be thrown into a node of pulsation, in whicli 
the whole length is divided into ventral segments, each equal 
to the shorter string. Tina ia said to takeplace through the inter- 
vention of the air^ or r ather, action by presence. But this motive 
effect can be conveyed by means of a strip of wood, or a wire 
from the string or chords of one instrument to that of another, 
placed in an adjoining room, the chords of which latter will 
there be found to vibrate as it from sympathy, or rather sonorous 
inoculation, and give out the nmsical tone or tones evoked in 
the contiguous chamber, as exemplified by the telephone. In 
the pulsations of chords, which from their small surface can 
receive but a trifling impulse, the sounds and motions excited 
by this sort of sympathetic communication, or rather grafiivg, 
are feeble, but in vibrating bodies, which present a large surface, 
they become very gieat Thus, a person with a clear and 
effective voice, can break a drmkmg glass by amgmg its proper 
fundamental note close to its mouth Looking glasses have 
also been occasionally fractuied by sonoro electric mnsical 
performances. The excursions of then: molecules in the 
vibrations into which these articles v\ ere throvm being so great 
as to strain them beyond the limits of their cohesion. 

364- The pitch of the sound of a pulsating string depends on 
the number of vibrations made in a given time; its quality, ot 
course, will result partly from the nature of the string, and espe- 
cially on its equality of thickness, besides which much naay be 
contingent on the form and extent of the wave excited into 
action, or of the curve into which it is tlirown. In inatrumenta 
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like the violin, played witli a bow, or tlie harp, wliere tbe 
string is drawn out of its position and suddenly let go, 
this curve is probably eicgle, and occupies the whole length of 
the string ; but in the pianoforte, where the chords are struck 
near one extremity with a sharp sudden blow, the vibrations 
consists in an elevation, or bulge, more or less estensive, 
running backwards and forwai-ds. {See sec. 40.) 

There will, of course, be a difference of the tone according 
as the keys are struck, with quick, short blows, or gently 
pressed, and the duration of the contact of the hammers with 
the strings, prolonged for an instant of time, giving rise to a 
more moderate but sustained (c«(( to -effect, by bringing a larger 
portion of the string, or even the whole into motion at once, 
so as to make the notes of the pianoforte sing, as it is termed 
by musicians. But whether the portion disturbed at once be 
large or small, and it of^iipy the whole string, or run along it 
like a bulge m its line ; whether it be a single curve, or com- 
posed of several ventral segments with intervening nodes, the 
motion of a string with fixed ends, is no other than an undu- 
lation, or pulse, continuaUy donbled back on itself, and retained 
constantly within the limits of the chord, instead of runnuig 
out both ways to infinity. But we must not forget that as the 
perfected tone is thrown into its conect form, it acts more or 
less on all the aiirroundingliodiea. and wakes up, or calls forth 
in them, as if by electrical excitement, a reaction, which re- 
active operation varies, according to the shape and composition 
of the adjacent substances in question. Some of these wiU 
be found only to tremble ; but if it be a stringed instmrttent, 
then its like chord will pulsate, and by sympathy, and re-echo 
the note (and sometimes its harmonics), which first excited it 
into vibratory action. 

It is impossible to evoke a perfectly-formed note from any 
instrument by pulling its strings with the fingers, as in playing 
on the harp, or guitar, &c, To produce, or create, an efficient 
melodious tone, it requires a period, or certain length of time. 
Further, this perfected note is chiefly educed through electrical 
friction, either by means of air, as in whistling, or by passing 
this element through pipes, or over strings, as with the .^olian 
harp, or by the apphcation of certain solids, as when using 
the reained bow. The pixzicata-touch of the violin, or the 
twauging sounds produced by the digital pulUug of the strings 
of other instruments, are only half-formed notes, so to speak, 
tiat die in their birth, and can never cause surrounding bodies 
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B-loops of the 



' the nerre-Ii 
tremblingly oiidulate ; hence these ibrtimmeii fortli I 
to produce that eutrancin^ and delicious fiKlin^ whidi d 
created wheu these organic cei'ebral fibres are acted iipoii.]| 
matured or perfectly -formed melodiouii toues. Very £ 
and bijjhly practised musicians dislike listening to, and eq 
avoid playing, an instrument of tbe harp kind, wlucli jl 
ments originated in those ages when men were igiH 
whole or perfect tones and harmonious irausitions. 
iaeMcient iustnunents uiuat, cue of these daj's, like tin 
and harpsichord, disappear, as will certain other inechi 
arranged musical apparatus, upon n'hich no expreitive t 
can possibly be produced ; as the organ, for iustaiioe. 
latter instrument fails lo naice up the feelings that are & 
into being by such musical implements as the flute 
and especially breathed forth by the tuneful human 1 
because nhether the keys acting on the ralres of the { 
belonging to Lhe origan be touched by the fingers, oc j 
downwards by weights, or other mechanical means, the Si 
. characteiistic sounds will be produced. 

3l>5. Vibration of a column of air of definite length.— 
propositions which are true of a vibrating chord are also t 
fonuable to fact of a pulsating cylindrical volume of air. 
vibrating chord is susceptible of division into several a 
parts, all undulating simultaneously ; so may the tietialci 
in a stopped pipe pulsate iu distinct ventral eeguients. 
cisely, loo, as iu the vibrations of strings, any numberof t1 
modes of oudulatiiig may go on simultaneously. Sn^ ( 
bined modes may be produced by an expert flutcplayei 
nice adjustment of the energy of his breatli ; at le>aia 
octave of any note can be obtained, and dislanctly heard i 
the fundamental ti 

366. That it is really through the operation of electt 
produced by the friction of the air ihat calls ij 
imponderable matter of sonnif resident in tlie i 
shown (relative to the toues elicited when pla)iug Uui fl 
OJ^an-pipe, or other wind instrtmientsi, from the fact t 
with the eseeption of die timbre, the materials, as 
thickness, or other peculiarities of the tube, are of u 
qaence ', for instance, a pipe of lead, glass, or wood, j^ 
the di'iieusions be the same, produce, under similar C 
stanci^s. exactly the same tone as to iiitck. If the j 
of tbe tones produced by different pipes vary, this I 
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beoomes a most delicate detector of aerial pulsation. Suppose 
a. circular disc of glass, held coQcentrieally over its plane, 
parallel to that of the membrane, and set in transverse 
vibration, so as to form any of Chladni's acoustic figures — 
then will this figure be imitated exactly by the sand on the 
membrane. Now let the vibrating disc be shifted laterally, so 
as no longer to have its centre vertically over 'that of the 
membrane, but keeping its plane as well as that of the mem- 
brane horizontal, still the figures marked out upon the latter 
will be fae-similea of those on the disc, and that whatever be 
the extent of lateral removal, till the vibrations became too 
much enfeebled by distance to have any effect at all. The 
membrane, be it observed, wiU vibrate in sympathy with any 
noise, but every particular sound will mark out on its ovra 
individual nodal figure, and as the pitch, &c., varies, the figure 
also alters. Thus if a prolonged note be ehcited from a flute 
near it, each tone will call up a distinct form, which the next 
note wUl efface to establish its own impression. Showing that 
each harmonious sound has its particular outhne, and can 
excite into shape or write its own image in or upon loose or 
moveable dead matter. These facts point out to us after what 
manner each musical note can incite the strings of instruments 
into vibratile operation, and likewise the hving nerve-loops — 
that constitute tlie organ of melody — into trembling action, 
which result calls forth those feelings that appreciate har- 
monious productions. 

370, That undulatory sound-waves travel in elhpsoid or 
semiovoid curves, is shown in one way, by the shape of the 
external ears and the membranous tympana of land animala — 
and further, the bone and channels appertaining to the internal 
organ of hearing, is still more marked relative to their adaptive 
or receptive capability for these pulsations, thus enhancing 
the form or shape of the vibrations that are to be appre- 
ciated by the wavehke curved nerve-loops, or fibreUse of the 
brain, &c, 

371. One of the most interesting purposes to which M. 
Savart has applied the properties of membranes, ia to explain 
the actual state of the air in the different parts of a vibrating 
mass of a detenninato figure, as to motion or rest. For this 
purpose, the musical sound should be excited and maintained 
by a constant cause at a high degree of intensity, especially il 
the mass of air be large, as in a chajiiber or gallery ; and to 
give the membrane the greatest possible sensibility, it ought 
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to be stretched so as to be properly in unison with the note 
sounded, so as to act as a receiver and condenser of small 
aerial motions. The greatest purity and intensity of the sounds 
to be employed for this purpose, may be obtained by one of 
Dr. Franklin's harmonica glasses, or the bell of a clock, main- 
tained in vibration by a tow, and this may be still further 
augmented by adapting to it a resonant uavity, as, for instance, 
a large cylindrical vase, closed at one end, and of such 
dimensions as separately to vibrate the same note. The tones 
thus produced with large harmo?iica glasses, are of such 
intensity, that no ear can long support them, and at the same 
time, they are rich and of a mellow quality. Being provided 
with the above apparatus, suppose we shut ourselves up in an 
apartment of regular figure, and free from furniture or projec- 
tion from the walls, and recesses, &c., and place a resonant 
cylinder with its axis horizontal, and the vibrating bel! or glass 
opposite its orifice. Then in the direction of its axis, arrange 
the membrane on a level with its proper frame and resonant 
cylinder below it, and now strew the horizontal surface with 
sand, If we then place the membrane thus armed very near 
the source of the sound, it will vibrate with great energy. As 
v»e vrithdraw it (keeping it still in the line of the axis of the 
first resonant cylinder) its vibrations will diminish gradually, 
and at length cease, after which (still continuing to remove it 
along this line) they will recommence and reach a maximum, 
at a point when their intensity is nearly equal to that close to 
the source of sound. Removing the membrane yet further, a 
new point of indiSerence is found, and so on until we reach 
the end of the chamber. If we walk along the same line, 
keeping the ear in the plane of the level axis of the resonant 
cylinder, we shaJl perceive the sounds to be much louder in 
the places where the vibrations of the membrane attain their 
maximum, than at the intermediate points where they are at 
a mioimun. At these latter, when the auditor moves his head 
away from such a point towards the right (always supposing 
it to remain in the line of the axis above mentioned) the sound 
will appear to come/rowi tlie right, and if towards the left, it 
will aeem to come from the left, whether the original source of 
the sound be to the one or the other side. This singular effect 
shows that the aerial molecules, 4c., on either aide of the 
point of iudifCerence, are in opposite states of motion at any 
given instant. In making these experiments the head should 
be turned, that the axis of the resonant cylinder so prolonged 



shall pass through both earB, Suppose for inetance, the 
souEding apparatus to be to the observer's left, and that hia, 
haad be very near it, the sound will appear to enter the left 
ear. As he removes further awaj', so as to pass one of the 
nodes, it will seem as if the sound had changed sides, and now 
came from the right, "When another node is past, it will appear 
to have again shifted to the left, and so on. (See sec. 40.) 
But it we quit the axis of the cylinder, and carry an exploring 
membrane about the apartment, noting all the points where it 
vibrates moat forcibly, allowing ourselves, as it were, to be led 
from spot to spot by its indications, we shall trace out in the 
air of the room a set curve consisting of double curvatnres, 
marking the maximum of the excursions of the aerial molecules.. 
If the experiment be made in a gallery, or passage, whoa^', 
length is its principal dimension, the curve will be found to ba 
a kind of spiral creeping round the walls, floor, anc 
obliquely to the axis of the gaUery, thus presenting a marked 
analogy to the disposition of the nodal lines in a long rod 
wire vibrating tangentially. In exploring the vibrations of the 
air in an apartment with an open window, the spiral disposition 
of the vibrating portions was found to be continued out of the 
window into the open air, the lines of greatest intensity running 
out in great convolutions which seemed to grow wider on 
receding from the window, and could be traced to a great 
distance from it and imperceptibly extended, no doubt 
lessening in intensity — -for thousands of miles, like the results^ 
■ demonstrable through the telephone. 

372. Vibratory motions are conununieated through Hquida 
precisely as by gases and sohds, without change of character, 
or direction. This explains how the nerves of hearing, which 
extending throughout the convolutions of the labyrinth of the 
internal ear, and being immersed in the liquid wldch fills it, 
transmit to the sensorium, not only the general impression of 
sound, but of the direction in which it cornea. 

373. It should be borne in mind that evei-y mechanical and^ 
physical operation must commence through, or emanate from,, 
the agency of either spiritous, as heat, hght, electricity, &c,, 
or spiritual elements, as the vital principles of plants 
animals, and the acme of these existences, the human aoi 
In addition, there can be no question that aisonoro-eleclricjlw 
like the matter of heat, enters most intimately into the com.' 
position of aU entities, be they solid, fluid, or aerial.' 
And further, it may be stated that do noise, or sound 
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kinil, cdii be produced, as made ovideut to the senses, 

ithout being preceded by some form of electrical action. 

The strongest wind makes no noise except when it is forced 

jainst soma obstacle. The rolling thnnder appertaining to the 

;orm-cloud, is produced from electrical discharges ; and 

■gain, the whispering of the wind, and the murmuring of the 

tunning stream, are brought about by the action of the elec- 

kricity elicited from the friction of these elements against the 

bodies they may come in contact with. Further, most of the 

[plosive noises that take place, may be referred to thermo- 

ilectric action. 

374. Belative to the harmonious compositions educed from 
musical instruments, they are the results, as before sug- 
gested, of electrical friction ; but the melodious airs breathed 
Eorth from the human vocal organs. In addition to their 
Blectrical sources, are governed originally by the soul's 
influence, as the utterings of certain animals are swayed 
primarily by the operative efforts of the hfe-principle that 
rules their systems. 

That phonic undulations are of a sonoro -electric character, 
may be demonstrated by the following facts : — If a tuning-fori 
"be sounded, and while in vibration be touched by the finger, a 
Beneible sonoro-electric shock will be felt at the moment of 
coDta.ct. Again, on blowing into a common flute, and stopping 
two or three of the higher holes gently, the same sort of 
Bonoro- electric sensation, though in a much less degree, will 
be felt in that part of the finger-ends which is in communica- 
tion with the interior air. The fingers should be warm, and if 
the operator is not used to the instrument, the effect is made 
more certain by tuning the string of a violoncello to the note 
which is to be fingered on the flute, and then sounding the 
violoncello strongly while the latter is held over it with the 
fingers placed as before. ITiis experiment adds, by sonoro- 
electric action, to the intensity of the effect. Again, if two 
persons are singing or whistling, the first and second of an air, 
wilb their mouths close together, they will become sensible of 
electrifying, or electro-magnetising, each other, producing a 
Strange, trembling, yet pleasing sensation throughout their 
systems. Further, when prolonged musical tones are perfect 
in the number of their beats, and have a properly curved pid- 
salory outline {which qualities render them more intense) they 
impress ns with the same kind of electrical sensation; hence 
people with large organs of melody tremble fi'om head to foot 
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with pleasure, aiiil often exclaim that they feel the music down, 
to the ends of their fingers and toes. 

375. That violent and audden thermo-electric concuasiona otj 
the air can act at long diatancea, is proved by the fact that the 
explosion of a powder-mill will shake the windows in their 
frames when twenty miles distant. (See " Optics," sec. is.) 

376. When a caunoQ is fired, the great expanaion of the. 
gaaes which are disengaged by ignition of the powder, togethi 
with the thermo-electric energy brought into action, propel*, 
the air, and other contents of the gun forward, thus creatingai 
vacuum. It is stated by some that the loudness of sound' 
following after the discharge ie caused by the rushing of the' 
air back into the cannon ; but it should he remembered that 
we have a similar result from the presence of electricity within- 
a thunder- cloud, where there ia no particular cavity 
fill up, and if there was, no noise ie ever produced by; 
one portion of air rushing, however violently, against 
ajiotber. 

377. It has been stated relative to a musical chord, or a 
spring, and likewise the drum, &c., that the harder they are 
struck the louder is the sound, but without any difference of 
tone, chai-acter, or velocity of propagation. This is not correct; 
the quality of a note, as before stated (see sec. 367), differs 
according to the character of the stroke apphed to the sonorous 
body, or frictional pressiure made upon a string. We can feel 
and hear a perfectly -formed note (the intensity of which 
increases according to its clearness), at a more remote distance 
than a melodious tone that is irregular in shape and character, 
which latter condition is always the result of an attempt to 
produce a loud note by the energy of the touch, as when 
striking heavily the pianoforte keys, or employing too great a 
pressure of the bow on certain stringed instruments. And 
again, when making an overstrained effort of the breath whilst 
blowing into a. wind instrument. Ia fact, there must be always 
a time cojisumed whilst creating an intense, and, consequently, 
a loud, clear note ; as exemplified when playing on a musical- 
glasB, the intonation from which ia not fuUy brought forth by 
the heavy pressure of the finger on the vessel, nor is it the 
energy of the voice, but the hwmowring of the sonoro -electric 
fiuid that breaks the glass when singing over it, the note 
elicited from striking it. Further, the hammers of the piano- 
forte should rest for a short period against the strings, if we 
wish when playing an effective adagio to produce a prolonged 
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intonation, making this iiistraraeut niog, as fine sensitive per- 
formers term it, 

An instrumental musical tone is made np of the matter ol 
sound, comhined. with a definite portion of electro-magnetic 
fluid. These are often combined with certain implemental 
noiseB, designated imt?,' ■; but when a melodiona tone emanates 
from the human organisation, there is associated with it par- 
ticnlar emotional expressions, and even the mental feelings of 
the being that gave birth to it, -which qualities can even bo 
conveyed by the telephone. 

378. Sounds travel, whether diminutive or great, with equal 
periods in like metJia of the same temperature and density ; 
producing effects according to their quality, or form, and 
sonoro -electric intensity, after the Tnanuer, as regards time, of 
falling bodies, as demonstrated with the feather and guinea 
when precipitated in vacuo. 

379. Persons totally deaf — who therefore cannot be affected 
through the common organ of hearing — often receive very 
great pleasure from musical performances, by placing their 
hands on the chest of a person singing, and also by touching 
instruments vrhich are being played upon. This well-known 
fact shows that the ear and its belonginga have nothing to do 
loitk Ike appreciation of melodious sounds; it must therefore be 
the fibrillie of the organ of melody that so chai-ma us, when set 
in vibratile motion by musical tones. 

380. A bar of soft iron, during the process of magnetization, 
often emits an audible sound (as does the wire when conducting 
a stream of electric fluid — see see. 40) and becomes sensibly 
increased in length. It has also been noticed that all sounding 
bodies enlarge in size or expand whilst vibrating, wliich is 
exemplified by the breaking of the glass when its own proper 
note is sung into it. (See sec. 373.) 

381. Speaking Iriiv^pet.— The loud noises produced by means 
of this instrament, do not depend upon any supposed reper- 
cussion of sound ; repeated eclioes might divide but could not 
augment the quantity of impulse. It is immaterial whether 
the trumpet be covered or lined with cloth, still the sound is 
of the same intenseness, so that it is not fi'om being reflected 
from aide to side : the impetus must occur then, owing to the 
sounds being prevented from spreading laterally, and therefore 

- ability is required, allowing tlie voice to arouse into pulsatory 
action, and intensify the sonoro -electric fluid resident in the 
breath, and also the air of the trumpet, and thus the articu- 
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lated sounds burst forthwith gi'eater energy, and the uudulations 

being as it were excited into vigorous operation, enable them 

to advance with greater vehemence through the atmosphere, 

382. Harmonics. — By the harmonics of a musical note, are 

I meant those tones in which the number of vibrations per second 

I are twice, thrice, aud four periods, or any multiple of tho ' 

■ number of pulsations which produce the note in question. Thus 

the harmonics of a note which is sounded by 200 vibrations or 

waves per second, are those tones which require 400, 600, 800, 

Ac, pulsatory waves per secoud. On the long strings of a 

pianoforte, as the fundamental note subsides, its harmonics 

may be perceived. It has often been observed among the 

vaulted roofp of a cathedral, several of the harmonica of the 

notes sounded whilst singing or chanting may be heard. Chords 

are said to be the language in which harmony expresses itself, 

and the laws whereby the one is governed likewise regulates 

the other. 

383. Molian harp. — If we take off all the strings but one 
W from this iostruinent, we yet can often hear a variety of notes, 
' and frequently such as are not produced by any ahqnot part 

of the string. Often, too, tliere is heard a chord of two or 
three uotes from the single sti-ing. This result was no doubt 
produced by the air striking different parts of the chord. First 
in the middle, which called into being the note of the whole 
string and its harmonics, and then before the chord quite 
recovered from the bulge produced by the first impulse, it was 
struck in a different part by a second stream of air, and this 
awoke another tone (and as undulations of sound do not inter- 
fete with each other, like the waves in water) different notes 
are heard with their harmonics. * It is to these harmonic tones 
bursting forth from sounding instruments that notes owe much 
of their intensity and increased loudness. 

384. Beats in music are the pulsations resulting from the 
joint vibrations of two sounds of the same strength, and nearly 
of the like pitch ; that is, if two sounds differing but little in 
intensity, and which are almost, but not exactly, in unison. If 
we change the first string of a violoncello for another about as 
thick as the second chord of this instrumeut, and tlien screw this 
fresh string up until itapproachesgraduallytoan unison with the 
proper second string of the violoncello in question, the sounds 
of the two chords will be heard to beat very quickly at first, 
then more slowly until at last they make an unifonn consonance 
without any beats or undulations. At this juncture, either of 



I 




VENTEtljOQUIBM. 

the strings struck alone, by the bow or finger, will excite large 
regular ribratioiiB iu the other, plainly visible, which show 
that the times of their single pulsations are equal. Thus the 
vibrating movement of a musical string puts other chords in 
motion, whose tension and quantity of matter dispose then' 
undulationa to keep time with the pulses of sound and air pro- 
pagated from the string that is struck ; a phenomenon explained 
by Galileo, who observes that a heavy pendulum may be put 
in motion by the least breath, provided the puffs be often 
repeated and keep time exactly with the first vibration of the 
pendulum. If we alter the tension of either of the strings in 
question a very httie, the sounds of the two will beat again. 
But DOW the motion of one string struck alone makes the 
other only start, exciting no regular vibrations in it, a proof 
that the pulsations of the strings are not isochronous or in 
equal times. 

In tuning unisons, as in the case of two or more pipes, or 
strings, the operator is guided by the beats. Until the unison 
is perfect, more or less of beating will be heard, as the sounds 
approach each other. Wlien the unison is complete, no beats 
are discoverable ; but if very defective— they have a result like 
a rattle. The complete absence of beats affords the best means 
of attaining a perfect hannony. 

385. Chord, in music, is the harmonious combination of tlu'ee 
or more musical sounds. Tlie whole string when trembling 
gives forth the gravest, or generating, sound ; four-fifths of the 
string give the major 3rd ; two-tliircls produce the perfect 5th ; 
and one half, gives the octave. Thus is produced the perfect 
or common Chord, or triad (three united), which together with 
the chord of the seventh is the source ot real cords. 

386. Sound-vibrations produced by caloric. — If a heated 
poker be laid slantingly on a block of lead at the ordinary 
temperature, it will begin to vibrate, first slowly and then in- 
crease with such rapidity as to produce a prolonged note, 
which continues for a period, and at its tennination sometimes 
changing to an octave. Here wa have sonoro- electric effects 
produced by caloric, showing the intimate or reciprocal rela- 
tion between sound, heat and electricy. 

387. Ventriloquism f literally, belly- speaking) is a vocal 
mimicry of sounds, as the voices of different persons, expres- 
sions of animals, also those of musical instruments, and other 
sounds and noises. The capability of exercising this art, de- 
pends upou the copyist having a large organ of Imitation. 
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When this phrenological development is greatly anniented 
an individual, we always find him capable of portraying the 
appearance of things, as the expression of countenances and 
gait or movements of certain persons, so as to call up to 
memory the ways of particular individuals. 

388. Sound can be conducted like electricity cmd galvamism. 
— Thus sonorous pulses can he conveyed along rods of wood 
or metal, and given out at a long distance, as exemplified by 
the tuning-fork and Strip of deal and the wire in the telephonift 
process. The undulatory vibrations from the forks, &c., call 
into action the sonoro-electric fluid resident in the wood antf 
wire, &c., and it gatliera energy as it progresses, and tbna 
delivers the tones intensified as when conducted by the stiip 
of wood into the instrument situated in the distant chamber, 
and from this latter into the more elastic medium, the air. 

389. The Cicadae (grass hoppers) of the Brazils, are audiblo 
at the distance of a mile. If this insect was as large as a man 
— all things being in proportion — it could he heard throughout 
the world. These creatures make their noises by day, the 
Fulgorffi (lantern-fly) at night. The drum of these animals « 
acted upon by muscles, for when these are pulled and suddenly 
let go, even in a dead specimen, the sound is produced 
though the insect was alive. They act by drawing in anil 
forcing out, by their alternate and rapid contraction, a homy 
drum or membrane, stretched iu such a manner as to vibrate 
readily ; the sound occasioned by the movements of which,' 
passes OQt through an aperture resembling the BOund-holes 
a violin, 

390. Sound elicited by the action of galvanism. — Whilal' 
polarising an oblong bar of soft iron, with the galvanic fluid, it 
is found at first to produce a note, whicb is again repeated 
when the current is broken. 

391. When a bell is i-ung in vacuo, no sound is heard, but 
if the bell be connected by means of a wire, with the 
pump plate, then the sonorous pulsations con be detecte( 
because the metal like the air contains the matter of soandr. 
and thus it can be awoke into audible action on entering the 

a elastic atmosphere. 

12. Interference of sonorous waves. — Two streams of pulsit- 
tory sounds, when meeting, can cause silence, as two 
luminous rays interfering with each other prodi 
or as two waves annul each other upon water. 



I 

I 

tie 
is 

1M 

•;■ 

I 

it ^ 



wo sets o£^H 
darkoeaat^^H 



245 

icAPiTDLATioNS AND Addrnta.— Souiiil, like liftht, 

Ly be reflected several times in aucceasion, and as reflected 

ight under these eircumstancea becomes lessened to the eye, 

successive echoes are gradually enfeebled to the ear. 

(b.) The velocity of sound in iron is seventeen times greater 

'than in air, and in pine vrood it hae ten times the celerity 

fwhich it has in the atmosphere. 

(c.) In two strings of the same material, equally long and 
[similarly stretched — if the one has twice the diameter of the 
ither — the thinner chord will execute double the number of 
Ibrations of its fellow in the same time. 

,) Tyndall states that one sounding fork when vibrating, 
u;an incite another into motion, so as to give forth sound, tlie 
pendulum also of one clock when oscillating, will set another 
Lat is quiescent in motion. 

(e.) In the labyrinth of the internal ear, is an organ, discovered 
by the Marchese Carti, which is to all appearance a musical 
instrument, with its chords bo stretched as to accept vibrations 
fof different periods, and transmit them to the nerve -filaments 
; which traversed the organ. This natural lute is said to have 
three thousand strings, which convey the sounds and music of 
theouterwotld to the brain and thence — as regards musical undu- 
lations — onwai-ds to the fibrilliB making up the organ of Melody. 
{/.) If apertures be made in a sounding organ pipe, and 
a flame be applied opposite any of these holes bored in front 
of the ventral segments of the- sonorous column of the 
pulsating air within the pipe, it will be blown out, but a 
burning taper is not disturbed when placed opposite the 
apertures made in front of the nodal points belonging to this 
aerial undulating column. (See section iO.) 

(g.) When a tuning fork receives a blow and is then made 
to rest on a pianoforte during its vibrations, every string of the 
latter instrument, which, either by its natural length or 
spontaneous subdivisions, is capable of executing corresponding 
pulsations, and responds in a sympathetic note. The strings 
not in harmony remain silent and q^uiescent. 

(h.j Insects can hum forth sounds by means of certain 
1 dpiraclea (breathing holes) after their wings are torn off. 
' (i.) Wooden rods, formed into a scale, may be played upon 
like the harp by applying resin to the lingers before stroking 
them. 

(j.) An augmentation of density produces a diminution of 
[QCity of sound, but does not alter the pitch of a note, 
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(k.) Rveiy llaine passing tlirou}^]) lubes, is governed 
certain tones. The moioent the musical scale reacbea 1 
note that affects the flame, it instantly bursts into song. 

{I,) Sound wonld appear to belong to the same clasB 
imponderable elemental entities as electricity, magnetiai 
heat, and light, Ac. Thus sound can be (1) undulated, 
reflected, (3) refracted, (4) deflected, {5) conducted, and 
excited into action by (6) induction, is capable of (7) interference, 
and (8) potarisat n S and s also found to be reciprocal 
with, or transmutabl nt h at and electricity ; and, like the 
latter, is incapable f di tu b n xpaudiug, and even disniptiug, 
certain solid bodi th t xt or composition of which is 
inefficient to with ta d ts vib atory action, when of a given 
intensity. 

(n(.) Sound can undulate, or burst out of one body and enter 
that of another ; but it requires, like other imponderable princi- 
ples, or their modifications, to have a medium — as solids, finidB, 
or gases — in, or upon, which to display its effects. It haa. 
generally been supposed that a given musical note depen* 
alone upon the rapid repetition of a series of pulsations ; but' 
it will be found on more minute examination that the chief 
circumstance creating a given melodious tone, as before 
observed, depends upon the size of its semiovoid ventral 
segments, each note having a distinct Jomi, both in the length 
and width, of the vibratory outline cojistituting these segments. 
For instance, the undulations making up the euphonous waves 
wliich are awoke into existence, and thrown off, either from a 
short or small string, are more limited in their outline than 
those emanating from a larger, or longer chord, so that the 
pulsatory waves generated or called into being from the treble 
strings, are not so lengthened , nor so mucli expanded laterally, 
as those ventral segments formed on the baas scale. 

The oscillatory motion and beat, then, of a given note, aro 
merely qualifications, being the result of certain percuBsiona, 
or frictions, which are necessary for the sensible producti< 
and formation of the tone in question. I would 
as friction is one of the chief sources of electrical pheno- 
mena, may not sound be a modification of this all-effective 
fluid? 

(w.J Intensity of melodious rhythms. — This quality, as before 
noticed, depends at first on the duration of the frictional 
pressure of the bow upon stringed iiiatrumcnts, and the blast 
of air through the hollows of other musical apparatus ; and 
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secondly, on the Bmootiiueaa and cegularity described, or 
formed, by the outline ot the venti'a.l imduJationB produced by 
these operations. In addition, the intensity of a tone will be 
'found likewise to depend on the quantity of regular ventral 
'Segments and nodes established, and also the number of har- 
buratiug from the vibrating string, or hollow tube, 
(See sec. 40.) 

It is well known, relative to the sounding chord of a bass, 
£ddle, or musical -glass, that if the amount of the friction of 
the bow, in the one case, and the pressure of the finger m the 
Other, be variously, or gently, augmented and made persistent, 
it will increase the division of the nodes and ventral segments, 
And consequently there must be thrown off a greater plurality 
■of harmonics, which latter are not distinctly appreciable 
ty most persons, being with them swallowed up, as it were, 
into the main, or common fundamental note. 

(o.) Sir J. Herschel states that the waves of sound, like 
bhosa of light, in passing from a denser into a rarer medium 
Gmdergo, at a certain acuteness of incidence, a total refrac' 
iion. 

(p.) Sound, like light, as previously remarked, is capable of 
polarisation. Thus, if a tuning-fork, held by the handle, be 
itruck sharply, and whilst vibrating be placed against a sonorous 
lubstance, a musical tone is produced. But tliis sound is very 
unequally audible in different directions. If the axis of the 
lork, or the Uue to wliich it is symmetrical, be held upright 
about a foot from the ear, and it be turned round this axis 
fwhilst pulsating, at every quarter revolution the sound will 
liecome so faint as scarcely to be heard, whilst at the inter- 
mediate axis of rotation it is distinguished clear and strong. 
The audible situations lie in lines perpendicular and parallel 
to the flat faces of the trembling iork, the inaudible at 4fi 
inclined to them. 

(g.) Interference of phonic waves. — Exemplification that two 
loud sounds may be made to produce silence, aa two strong 
lights can be caused to affect darkness. Thus, a tuning-fork 
being struck and held over a glass jar, produces one continued 
sound. Now, take two tuuing-foi'ks of a lite note, and after 
fastening a circular piece of card ou one of the prongs of each, 
put a little sealing-wax on one, to make it heavier than the 
other. On striking both, and holding them over the jar, there 
will be intervals of silence, and periods of sound. This arises 
from the fact that sounds proceed in waves, and the intervals 
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above mentioned are, according to the longer ventraJ segments, 
ariaiiig from one of the forks, as they overtake and interfere 
with the shorter vibratory waves emanating from the other. 
Thus, when stringH, or pipes, are not in perfect imiBon, they 
prodace by interference of oscillations, beats, or silent undula^ 
tions and augmented ones, in every second, thus creating 
rattling of the tone. 

(r.) Sound and electricity elicited by like processes. — One 
the chief sources of electrical excitement is friction, so also 
is of sound ; in tact attrition or rubbing and percussion, 
almost the only foimtains from which we can practically cleri' 
either regular or irregular phonics, to the former belong melo-' 
dious tfnies to the latter tuneless noises. 

If we take aome glass tubes from five to seven feet long andj 
from an inch to an inch and a half in diameter, and auspeni 
theni in equilibrium at their middle portions ; on rubbing the' 
surface of one half (thus throwing the extremities into oppo- 
site electrical states) in the direction of their lengths, vrith 
piece of damp cloth, musical Bounds, with their harmoniost' 
will be ehcited, the character of which will be more or 
acute, according to the pressure of the trictional applications.) 
If the same experiment be performed with lengthened rods 
any shape or material, the same result will be noticed. When, 
bars of wood are used, flannel coated with resm may be' 
employed instead of moistened cloth. It is found that, 
cylinders composed of the same material, will always emit- 
Ukenotes, provided they are of similar lengths, whatever be the 
depth, thickness or form of them, so that their longitude 
considerable, as compared vrith their diameter. Further, 
friction of steam passing through tubes, can create tremendous 
electrical excitement, as witnessed by the result of the 
of condensed heated vapour through certain pipes, like those 
attached to that magnificent steam apparatus at the Poly-H 
tecnic Institution. By means of this frictional agency, thai' 
enormous Leyden phial battery there constructed, 
charged in a tew seconds. 

That intense sounds can also be generated by the affrictioo^ 
of steam, is evident from the piercing whistle brought intol^ 
play by its agency in our railway engines. A similar causa' 
may, in a degree, be said to produce the notes from the horn, 
for though the vigour of the breath is apparently weak, the 
Burface^ — ^hke that of the sound board of the pianoforte — ^ia, 
large, thus the actions and reactions are greatly multiplied 
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;"which giving rise to electro- bo noroua excitement, produces the 
ixesulting intensity ol aonnd. Again, if tubes, varying in size, 
ifce held over a jet of ateani, different musical tones will be 
produced, according to their diajneters and length. Eurther, 
■burning hydrogen gas. applied in the aame way, calls forth 
similar phenomena. But here calorie as well as friction is an 
accompanying agent, for as with the cold lead and warm iron 
(see sec. v.), so is it with the hollow cyhndera ; their surfaces 
ninst vary in temperature, and are thus in opposite electrical 
states as regards heat. 

(s.) Electricity giving rise to sound. — ^Faraday and Daniel 
have shown that phonic undulations are produced by the 
electrical-bmsh wJiilst playing on water, and most persons 
iiave heard the crackling effects of the electric fluid whilst 
passing through the air followed by rolling thunder. 

(t.) Galvanism producing sound. — If we send a streajn of the 
galvanic element through certain metalhc bars so arranged as 
to tremble readily, they become increased in lengtli and give 
forth muBicai notes. (See sec. 40). 

(it.) Sound acting after the manner of heat. — La Place 
demonstrated, that heat is developed through every undula- 
tion by which sound is conveyed, and an eiectrie-jar can be 
discharged if put into a vibrating state, au when sounding it 
> like the hannonicon or musical glaas. 

The pulsations of sound cause bodies to expand by 
separating theur molecules after the manner of heat, as noticed 
with the glass that is broken by the voice, the particles of the 
vessel are so separated as to overcome their cohesion. 
Professor Daniel states that when a string or chord vibrates, 
it becomes much lengthened, and that it would take two or 
l^ee thousand pounds to stretch a rod equal to that produced 
by certain vibratory undulations passing through it. 

(v.) Heat generating sound. (See sec, 214.) — If a heated 
poker or copper bar — as before noticed — be laid slantingly on 
a block of lead at the ordinary temperature, it will begin to 
vibrate, first slowly, but afterwards increase with great rapidity, 
and when the intensity is sufficient, and the undulations have 
asBumed a certain form number of ventral segments, we obtain 
a mnsical note, wbicli continues foe a period, and then some- 
times changing to an octave ia accompanied with harmonics. 

Here there ^vill be found an electrical action between the 
warm and cold bodies ; they both undulate rays of heat 
aocordiag to the state of their temperature, the one, perhaps. 
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acting positively, tlie other negatively (see sec. 40], for these 
vibrations never take place between substances of the same 
nature, electrical quality or temperature. The pulsatorywavea 
are observed to originate with an intensity, proportional 
(within certain hmits) to the difference of the conducting 
abihties of the metals for heat or electricity. In other words 
they are moat intense when the heated metal is the best con- 
ductor, and the cold the worst. 

(lo.) The temperature of musical instruments alters them in 
their pitch, as observed after playing on a flute for a time; 
organ pipes vary considerably in winter and summer. 

(x.i The statue of Memnon, at Thebes, sometimes emits 
sonorous undulations, like those of the leolian harp, when tho 
morning beams of the sun play on one of its surfaces, which of 
course becomes more heated than the other. The sun rises in 
the east very rapidly, and of course instantly acta with great 
intensity, thus throwing the front and back of the statue into 
opposite electrical states, which lead to the phonic plienomena 
in question. About three leagues to the south of Tor, in tha 
neighbourhood of Mount Binai, are certain rocks called Bl 
Nakous, (Makoue is the name of a sonorous metal plate used 
in the Greek convents in the East instead of a bel!) from thft 
musical sounds of a veiy singular and surprising character 
being heard there. Mr. Sutzen and Mr. Gray, of Osfordf 
visited these localities with the worshipping pilgrims in 1812, 
These gentlemen describe the rocks as consisting of hard sand' 
stone, covered with white and lightly adhering sand that 
readily peals off and shdes down with the slightest touch, and 
also when the burning rays of the sun distroy its cohesion. 
That it was the ghdiug sand that produced the sound by its 
friction — they found— by detaching some of the fine scales in 
quantities ; as these slid down the moimtain, the phonic 
undulations were increased or lessened according to the 
quantity loosened. "Thesound," says Mr. G., "appeared to have 
the greatest analogy to the humming-top ; it rose and fell lika 
the ffiohan harp sounding by the action of the wind upon it. To 
aacertainthetruthof my discovery ."continues Mr. G.,"IclimbGd 
with the utmost difficulty to the highest rocks, theu shd down, 
and endeavoured with my hands and feet to set the sand in 
motion. This produced an effect so great, and the sand rolling 
down called forth such a result, that the earth 
tremble, and I certainly should have been alarmed had I been 
ignorant of the cause." Mr. G. asks, " Does the rolling luyet 
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■of saiid act like the fiddle-bow on the violin?" Hero, ftgain, 
the two sidea of the rock were of different temperatures,. aad, 
[Of coarse, it was then in a condition to throw its innate elec- 
ftncity into a, state of vibratory uxcitement, from the one 
HvacitLQe (as regards heat) becoiiunR negative and the othei* 
■positive, the antecedents to the production of the melodious 
ttones in question. 

, There are many rocks, and their fra^pnents, in different parts 
[of the world, that by percussion and friction produce melodious 
[ tones, as witnessed in the Rock Harmonicon constructed from 
npieces of stones procured from Cumberland, upon which used 
pio be played, some years ago in London, with bo much talejjt 
fand effect, various concertos by the performers. Tliere is a 
,roek situated at St. Govan's WelE, not far from Pembroke, 
) which I have often struck and foiind it to give forth a clear 
■^musical, ringing note. Tradition relates that near this cele- 
fbrated local wonder once stood achapel, in which formerly hung 
ta large silver bell. Some mariners are said to have landed on 
i>tJie coast m order to purloin this implenient for its intrinsic 
ivvalue. The sailors having obtained it, were necesfiitateil. in 
^heir passage to the boat to rest the be!! on the rock in 
iqneation previously to putting it on board. This eircutnatanee 
,j» the marvellous reason assigiied by the near dwellers for the 
invonderful sonorous property possessed by the larjje block of 
tstone in question. The ship, with its precious freight, it is 
,graveiy stated, by the peasants, foundered not far from the 
^hore as a judgnient on the sacrilegious robbers. There is a 
iJarge mass of atone, called the "Bell-rock," situated on 
^Bestall Common, near Tunbridgo Wells, which, when struck 
ijsharply with a boy's bat, or hammer, gives forth a sound like 
I a church hell. 

« Neai' the city of Hennosillo, in Mexico, is a vast hill, named 
,^1 Clerro de la. Campana (mountain of the bell), whose summit 
is crowned with enormous blocks oi stone, which when struck 
^render a very clear metallic sound. 

^ (y.) The diaperaed and general raya of light have been com- 
l^pckred to the noiaeis among sounds, so also may musical, tones 
^be collated with colours. For aa each melodious note must 
If consist of a definite number of pulsations or ventral segments, 
I -whidi always assume a certain ellipsoid outline or form, 
[, characteristic of that note, so also jnust every separata colour 

Bup of tinted undulations ; these colour vibrations have 
ly aestgoed to them precise curved forma distinctive 
I 
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of each hue, aa it emanates from bodies, to wftke op in ua the 
sensation of colourization. 

393. Voice (Latin vox). — AlmoBt every animal has a voice 
or a cry peculiar to itself, originating in an apparatus adapted 
for that pnrpose, of more or less complexity. The voice is 
most perfect and varied in man and birds, but they differ 
extremely in degree as to this important gift. In quadrupeds 
and reptiles it is limited to a few uncouth screams, bellowiogE, 
croakings, Ac, and other noises, whilst in many birds it 
a3sun:ies an approach to musical notes, and even articulate 
speech. Some birds and especially man, who have the 
phrenological organ of IiuUatimi large, can mimic with the 
voice every imaginable Idnd of noise, and also utter musical 
notes of a sweetness and delicacy attainable by no instrument. 
But in all, without exception, (unless, perhaps, the chirp of the 

. grasshopper, and cricket, &e., be one,) the sounds of the voice 
are produced by a wind instiiiment, acted upon through tha 
column of air contained in the mouth, throat, and anterior 
part of the windpipe, set in vibration by the iseuo of a stream 
of breath from the lungs, through a membranous slit in a kind 
of valve placed in the throat. In many, as with quadrnpedsi 
this organ is single, but in birds it is double ; a valve of the 
kind, above mentioned, being placed at the opening of each of 
the two brandies (bronchial tubes) into which the trachea 
(windpipe) divides itself as it enters the lungs, iuBt before they 
unite into one common windpipe. 

How, it may be asked, can tones of such gravity as we hear 
produced by the human voice, be excited in so abort a column 
of air as that contained in the throat of a man ? The vibra- 
ting column here is only a few inches in length, yet the Dotea 
produced by a bass singer are those which would require a 
pipe of several feet in length sounded in the usual manner, 
and must therefore depend upon the influence of the oi^n of 
Melody, directed by the soul's creative action. 

394. From M. Savart's experiments it appears that in si 
" pipes, and cavities whose other dimensions have a consider 

ratio to their length, the tone j-ielded is rendered much graver 
when the pipe or cavity is constructed of a flexible material, 
capable of being agitated and set in vibration bythe air, than 
when made of more rigid materials. He constructed a cubic 
box-pipe, vrith paper stretched on slight square frames of 
wood, joined together at the edges, and made it speak by an 
frmbouobure at the edge. He then observed, that bo long t| 



tlie paper was tightly stretched tlie aound yielded by the cnbe 
was nearly as acute as it would havo becoiTie had the whole been 
■rigid, but that when its tension was diminished by espoaing it to 
moist vapour, or even by wetting it, the sontid descended in 
I' ithe scale by an interval proportioned to the degi'ee of moisture 
l' 'the paper had imbibed. It was thus lowered even two whole 
■octaves, when it grew so feeble as to be no longer audible ; 
'^t repeating the .expeiimeiit in- the stiiiness of night, it could 
,yet ba heard, and no limit indeed then scenied sat to the 
-descent of the sound ; and even when no longer audible, the 
fialsations of the paper sides could still bo made sensible by 
sand strewed on them, which aixftnged itself in nodal lines, for 
the most part eUiptic. 

■ 395. It is the friction of the breath acting on the air tidies 
and vocal chords — exciting 'into action the animal electricity, 
Ihus creating or calhng into operation the eonoro- electric 
fluid — -that educes the pulsating tones and noises that Living 
jEreatures give forth, announciug their presence, and thereby 
Bceating sometimes pleasure, or it may be alarm, and even 
.terror. At other periods these organs — when appertainir^ to 
l^e human race — can fascinate, by giving rise to apecial 
melodions notes, which sometimes call forth particular i-ym- 
ipathetic feeUugs as tliey pervade sensitive educated systemF, 
brhilst listening to certain tuneful a.nd harmonious voices, as 
rahey are being exercised near our persons. Purther, these 
Inausical airs are also found capable of wakuig up distinct and 
■reverberating echoes witli their harmonics, even in the domes 
nf lai^e buildings. They who have listened to the lion's 
Bstolinding roar in the forest oE a stilly night, or at a like 
l^riod, heard tho friglitful vociferations of the distant howling 
l^onkeys of the South American woods, can alone be conscious 
|ief the tremendous abilities of the vocal organs of animals. 
' ' 396. The voice is more sonorous hi cold and dry, thau in 
>4noist and warai weather. This results, first, from the dense 
fetmosphere being more capable of friotional action on the air 
.ipaesagea. The voice becomes very shrill and weak, when the 
liangft are filled with watery vapour, and especially with 
[hydrogen gas. Secondly, sound travels with three times the 
)valocity in hydrogen to what it does in air ; on account of not 
(meeting witi the obstruction necessary to create its full 
idevelopment, for it is found that sonorous pulses — like electric 
'undulations— become more eSactive in their sensible results, as 
sthe medium to their transmission offers resistance. Hence 
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we hear much further through cold dry aiv than in a damp 
atmosphere, though not so rapidly. 

397. In hlowing iuto the trachea of a dead person, why does 
it not produce a sound hke that of the human voice ? "Why is 
the palsied state of the internal muscles, etc., of this organ 
followed by the loss of voice ? Why in a word ia an act of tht 
will necessary to produce a proper or natural vocal Hoiind? 
It is because the ligaments of the glottis (the superior opening 
of the larynx or windpipe) have not the faculty of vibrating, 
except the thyro-arytsBnoid muscles of the larynx are con- 
tracted, which takes place under the influence of the nerves 
that are governed — especially in man — by the mind acting 
primarily upon the brain. 

Experiments performed on animals, are perfectly in unisoE 
with this doctrine as regards the nervous system, for it we 
divide the two recurrent nerves — that act on the larynx— the 
voice cannot be exercised. If one nerve is cut, the voice 
will be only half lost. M. Magendie, however, heard a 
number of animals, in which the two recurrent nerves had 
been cut, cry very loudly when they suffered severe pain. 
These sounds were not governed by the life-priuciple of these 
animals, but were similar to the intonations that would be 
produced mechanically with the larynx of the creature when 
dead, by blowing into the trachea (windpipe) and bringing 
together the arytfenoid cartilages. 

(a.) Tone of the uoice.^Every individual has a particular 
utterance by which he is known ; there is also a distinct 
intonation belonging to eunuchs, the different sexes and also 
age. The sound of the voice presents an infinite number of 
modifications, depending on organization and education. The 
auditory apparatus of man, is an instrument of most esquiaiteiy 
musical and sound appreciating complexity. The hnman ear 
contains a series of minute bodies called the " rods of Corti," 
from the name of their discoverer. When a sound is com- 
municated to the ear, first the auricle catches it np, and 
transmits it to the drum, which passes it by vibration through 
the middle to the internal portion of the organ. Here it is 
appreciated merely as a sound, its direction and volume being 
also recorded ; but to distinguish a musical note, it is passed 
into the cochlea, a spiral canal, from the axis of which 
proceeds a very small plate of bone ; this in turn gives out 
two membranes, and between these lie the " rods of Corti." 
XiQoked at from above, they resemble a double row of p 
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■ hflinniet-s ; but the outer roda as they wiud up the spiiaJ axis, 
increase in length more rapidly than the inner, whereas the 
' latter augment in number, so that near the apex the outer 
^ rods are twice as long as the inner, while to 3,500 outer rods 
I'jt is computed that there are 5,200 inner ones. Under tliis 
idehcate and perfect sounding-board, are clustered nerves and 
' nerve-cells, which serve to bear the impression of any vibratii^ 
rod or rods to the brain ; and with so vast a keyboard, it ia 
plain that not merely semitones, but tenths and even fiftieths> 
of tones or vibrations iu sounds, must be recognised by this 
li consumanata recording apparatus. It is upon the lamina 

i Spiralis, then, or minute plate of bone, before mentioned, that 
the sound ia thrown in order to decide its note, and however 
I fine or faint, that sound discovers some one of these rods 
which will leap into vibratiou in concert with the impulse, and 
I send a melodic or harmonic telegram to the sensorium. 

(6.) A musical tone, when effectually qualified and formed, 
, is doubtless made up of the matter of sound and the elements 
of electricity, heat and magnetism, &c., and mostly has also 
pervading it, the timbre of the instrument from which it was 
evoked ; but when the note emanates from tlie liuman vocal 
ograns, it will then be found to have clinging to it, the emotional 
feelings, &.c., of the person that at the time called it forth. 
.All these melodious qualities and properties can be appreciated 
|«tt their birth, by a perfect and educated organization. 

(c.) The voice, whether it be or be uot united with verbal 
npeech is expressive of the aenaibilities, In fact the voice is the 
ptanguage of the feelings, by which they often manifest them- 
tBelves to the ear without previous teaching, The scream of 
tfcerror, the shout of joy, the laugh of satisfaction, the sarcasm 
«of ridicule, are made by man and understood by his fellow 
'Oreatures. wherever the one may be born and whatever may 
be the speech of the other. The voice is a natural and 
I, Tiniversal language. Each mental attribute has its voice, 
Iwhich is in relation to that quality : and whether that 
j attribute forms part or rather an emanation of the mind of 
J man, or the life principal of the brute, it instantly recognises 
' the ■voice. The piercing cry of pain^ the affrightening vocifera- 
E tion, and the happy expression of pleasure, are common to all 
[ and recognised by each. 

J (d.) A legitimate musical tone must bo idealised or suggested 
I by the mind in the huiiian brain, which, by exciting — through 
li the agency of the nervous system — certain muscles to act on 



the larynx, throat and mouth, &c., regulate and govern th«J 
voice, that further under the influeace o£ the organ of •melodf^'i 
can give forth the very varied harmonious notes we sometii 
listen to with auch exquisite pleasure. 

(e.) The whole compass of the human voice, from th^^ 
lowest of the bass to the highest of the soprauo ie nearly fonAJ 
octaves. The voices of children resemble very nearly those oft 
women, hat in males, a remarkable change takes place at' 
puberty, when the voice is said to crack ; the change from the 
shrill treble voice of the hoy to the fuller tone of the man, is 
eometimes perfected almost suddenly ; but in most cases it ia 
for some time in progress, wavering between the two estremea, 
that is deep and manly during quiet enunciation, but when 
any exertion is used, suddenly starting up again to the shrill 
tones of boyhood (these youthful i-eaults as regai-ds the condi- 
tion of the male voice, are owing to the changing condi- 
tjou in the economy of the cerebellimi or small brain). In old 
age, the cartilages of the larynx (upper part of the windpipej) 
becoming bony, the ligaments hard and unyielding, and i1 
muscles pale and powerless, with sometimes softening of tl 
brain, the voice completely alters; it trembles as if there 
not sufficient strength in the muscles to maintain a due tenaii 
of the vocal ligaments it becomes harsh and monotonous. 
I " Totmng Bgaiu towaida cliildiah treble, 

Pipes and tirhiatlea ia the Hoimd." 
I (/.) In all air-breathing vertebrata (anuoal with spine bones) 
the. production of sound depends upon the passage of air 
through a certain portion of the respiratory tubes ; which are 
.constructed so as to set it in vibration, as it passes forth from 
l^e lungs. In reptiles the bTeathing apparatus is situated at 
the point, where the windpipe opens into the front of thft 
pharynx (upper part of the gullet), being only composed of 
gilt bounded by two contractile lips, and these 
found only to hiss or croak. In birds the windpipe openB 
into the front of the pharynx, as in reptiles, by a mere slit ; 
the borders of which have no othor movement than that of 
%pproaching one another, so. as to close the aperture wh^^ 
necessary. The vocal larynx of the feathered tribes ia aitual 
at the lower extremity of the windpipe, just where it subdi' 
into the bronchial tubes. In manunalia (animals with breaati 
on the other hand, the vocal, organ and the legulator of 
respiration are united in the larynx, which is situated at 
topotitbe windpipe., 
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ig.) The loudness oJ' the voice dependa in part upon tlia 
velieuieaee witli which tlie air is expelled from the 
lungs ; but the variations iu tbia respect, wliich exist among 
diiferent individuals, aeein partly due to the degree in which 
its resonance is increased by the vibration of other parts of the 
larynx, and the nei^bouring cavities. In thahowlingmonkey 
of America, there are several pouches opening from the larynx, 
which seoni destined to increase the volume of the tone that 
issues from it ; one of these is excavated in the substance of 
the hyoid bone of the throat itself. Although these nionkays 
are of inconsiderable size, yet their voices are louder than the 
roaring of hons, and are distinctly audible at a distance of 
two miles ; and when a number of them are congregated 
I together, the effect ia terrific. 

I (h.) Ilia ability of producing arliculate sounds, from the 
combination of which speech results, is said to be altogether 
independent of the larynx, being due to the action of the nius- 
clea of the mouth, tongue, atid palate — yet the bird, minus part 
: of tliese, can utter clear words. Again, distinctly articulate 
■ Bounds may be produced without any vocal or laryngial tone, 
Las when we whisper; the only condition necessary for this 
^mode of speech is the propulsion of a current of air through 
litfie mouth. On the other hand, we may have the most perfect 
'taryngeal tone without any articulation, as in the produobion 
' of musical sounds, not connected with words. 
' (t.) It was once observed by a witty musician, " that a man 
I with a musical soul could ehcit imitative melodious tones from 
I a bootjack." I myself can image, and call up before the 
listener, without using the larynx or breath, any tune that 
I'may occupy my mind, merely by tapping with the fingers my 
f cheeks, and at the same time regulating the sound produced 
[by employing the muacles of the mouth to enlarge or lessen its 
r dimensions. A friend of Mr. Cleavecly could, in the same way, 
{ imitate the cantering of a horse, I recollect, as do many 
|, oUiers, the period when Van Joel (who was called the " chiu 
I chopper ") used to play the overture to Lodoiska, &a., at 
Vauxhall Gardens, by striking hiB hps and chin with his 
knuckles. My brotlier could play any tune upon the pipe of 
a. common bellows. 

{_/.) The dog may be trained not only to know tlie meaning 
' fii words, but to tpeak them. Leibnitz reported to the French 
I' Academy that he had seen a dog in Germany which had been 
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was a SasoD peasant boy, ■who having observed in the do^a 
voice an indlBtinct resemblance to various sounds of thehuma^ 
articulation, was prompted to make liim speak. In thi« 
yeaca the boy had taught Ms canine pupil to pronounce > 
German words. This dog used to astonish its visitors 1 
calling, when prompted, for tea, coflee, chocolate, Ac. — (Chai 
bers'" Anecdotes of Doga.") A friend of mine— Dr. Moss 
was acquainted with a gentleman who had taught his dog 
prononnce certain consecutive words. It would on occaaio 
receive his master's visitors, and then announce to ths 
the seat they were to occupy. 

' Voice of insects. — Matiy insects have the ability of expreasi 
their paasiona, as fear, anger, sorrow, joy, or love, by ti 
sounds they can generate. The most curious of these, ^v 
out under the influence of alarm, is that produced by i 
aphinx — (Atropes or death's-head hawk-moth)— which wh 
confined or taken in the hand, sends forth strong sharp crii 
The influence of anger, sorrow, joy, &c., is heard in t 
different hums of bees. — (Carpenter's " Animal Phy.," p. 50 
(k.) The French are said to speak as if from the nose, t 
Germans out of the throat, and the English through t 
teeth. 

{I.) We Cannot voluntarily utter a given soimd or tone, wil 
Out in the ■ first instance conceiving it (however transiently]^^ 
in our minds. But an emotional cry is performed by the 
mere instinctive tendency. — (Medical Beview, t. 31, p. 165). 

398. The effects of music. — Dr. Beattie observes that as 
organ shakes the floor and pews of the church, and cam 
mnsica! instrumentstomuruiei-by rcacfjon, it must particuli 
affect the finer fibres of the human frame, (especially those 
the uervons system, and most particularly the loops 
Up the organ of Melody), which are put in a tremulous iaoti4 
when they happen to be in imison with any notes proce« "* 
from external objects. Most persons must have witnessed 
effects of a street organ oo certain dogs, apparently 
auditors, who, if not driven away, continue to howl all 
while the instrument is playing. Dr. Mead tells us that 
celebrated violinist of his acquaintance perceiving that hia Aog 
betrayed sj-mptoms of great suffering on hearing a certain 
passage performed, repeated it for some time in order to 
result, and the espeiimeiit proved fatal to the poor animal, 
dropped dov^^l at the feet of his master, w' 
lie died in convulsions. I am acquainted 



who has in liis possession a little rongh terrier, that when 
hia mistress is playing certain airs on the pianoforte, becomes 
restless and very uneasy, and then of a sudden bursts into a 
distressing mouraful cry, but when other particniar pieces of 
music are evoked from this instrument by the same lady, the 
canine listener pays great attention to the strains, and appears 
s if pleased with the performances. I may also mention that 
if this animal hears the notes of a concertina, even in tlie 
■ distance, lie appears to be enraged, and rushes about as if 
I wildly diBtressed. 

(a.) Association, wliich has so large a share in the operation 
of the mind, often contributes much to the effect of music. 
' Some airs, possessing no intrinsic merit, owe their influence 
I solely to this principle, and among these the famous Hans des 
' Vaches, which, in times happily gone by, acted with such irre- 
sistible effect on the expatriated Swiss soldiers, as did the 
screeching, discordant, and droning semitoned bagpipes on 
' the Scotch troops when on foreign service. In fact, music 
I often pleasurably, and sometimes painfully, wake up fonner 
personal circumstances. 

) Colonel Briggs relates that he has seen the naia tripu- 
dians, a species of aspjs, or viper, very venomous and active, 
' come out of their holes in the temples of India, when a pipe 
has been played to them, and feed out of the hand as tamely 
as any domesticated animal ; and it is when in this state of 
docility, so opposite to their shy but impetuous nature, 
that the Hindoos believe that their deity has adopted that 
' form. 

(c.) The cobra capello, or hooded snakes of India, have a 

I great fondness for music. Even when recently caught they 

; seem to listen as If fascinated by th e notes, and are even seen to 

writhe themselves into strange attitudes. Tlie native jugglers 

I improve greatly on this instinct, and, after taming, by degrees 

instruct them even to keep time to their flageolet. 

i ((f .) To most persons the more complicated combination of 

I a third of the fundamental note is more agreeable than the 

I less intricate one of the fifth. People in general require a 

certain education before they can appreciate the minor key, or 

discords. It may be observed that the intervals of the minor 

' third and minor sixth have a sad, pr at least plaintive effect, 

as compared with the major third and major sixth of the 

diatonic scale. The change from the minor to the major scale 

^aps the most effective of musical resources ; certainly the 
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most appreciated aDd luiderstood by persons o 
degree of cultivatioa. 

(e.) The epidemic, tarantismjis, a kind oi St. Vitiia's danc«^fl 

said to be the result of the bite of the tarimtula spider, whiclK f 

oocurred in Naples in the 16th century, was snpposed to b$r I 

I Qured by music, and its phases become altered la charootoci ] 

* recording to the strains performed. 

(/.) Music to some iodivlduaJs ia a language, or a dialect, 

expressed by melodious tones ; and in addition to calhng forth 

feelings, it is capable of conveying, and also of giving rise to 

Ijappy, or it may be, sad ideas. The sooty blackbird, through 

i his mellow pipe, wai-bles foi-th imitative musical notes to hia | 

I mate, thns sustaining hei' incubative efforts as si 

I her shaded bill-formed home, wheroui rests the source of her. I 

I loving cares — the envelopes of her future progeny. Again, the I 

I fond mother, or affectionate nurse, often sings or hums to th^ I 

younger branches of the family a soolliing luiiaby, in order tO; t 

tranqnillise or hush them into s 

(g.) ^han, writing concerning the Eoman elephants, stated, J 
that particular attention was directed to the effect of musia,] 
upon them ; and they were so accustomed to sounding instm- 
ments, that they not only lost all dread of the clashing o( ] 
cymbals, but learnt to feel delight at the gentle notes of flutes, 
and would beat time with the feet when their feehngs wera 
gratified with the agreeable notes to which they wera | 
habituated. 

{h.j Mr. Cross's elephant used to thi'ow forward iier ea 
the guai-ds marched from the adjoining barracks, to listen to .■ 
the notes of the band, and the motions of her restless body | 
were often adapted to the movement of the aii's executed. 4] 
Sir E. Homo had apiauotorte sent to Exeter Change bo watcb^ 
the effects of acute and grave sounds upou the elephant. The 1 
treble uotes seemed hardly to attract his notice, but as soon 
as the grave bass chords were struck, he became all attention, 
brought forward his ears, tried to discover where the sounds 
came from, remained in the attitude of listening, and, after 
soma time, made noises, the result, it appeai'ed, of beiug much 
pleased. Suetonius tells us that tlie Emperor Domitian had a, 
troop of elephants disciplined to dance to the sound of music. 
Outrageous bulls have iu several instances been calmed into 
geutleness by music. Even lishes, upon better authority thaii m 
the story of Amphiau and the dolphin, according to Dr. ■ 
tiou^heif,, have shown signs of being affected by music, 
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where the sii-ene (a musical inatruiaeal. that can be periormed 
upon when situated in a fluid element as well as in the air), 
has been played upon under the water, and seals have been 
seen to crowd forward to hear the violin. " Seals," says 
Valerius Flaccus, " dehght in song," which Sir W. Scott has 



(i.) Madame Piozzi gives an account of a tame pigeon which 
answered by gesticulation to every note. As soon aa slie 
began to play the bird hurried to the instrument with every 
indication of rapturous deliglit. A false note produced in 
the pigeon evident tokens of displeasure, and if freq^uently 
repeated, it lost its temper and tore her hands, 

Lockman relates that he knew a pigeon that always came to 
the window from the dove-cot when a young lady was singing 
a certain air, and on the song being finished, returned to its 
usual abode. 

(j. I In Germany they take the sliad (alosa clupea) by means 
of nets, to which bows of wood, Imng with a number of bells 
are attached in such a manner as to chime in harmony when 
the nets are moved. The shad, when once attracted by 
the sound, will not attempt to escape while the bells continue 
to ring. 

{k.) An olScer, confined in the BastUe, begged its governor 
to permit him the use of his lute to soften his confinement by 
the harmonies of his instrument. At the end of a few days 
this modem Orpheus, playing on his musical implement, was 
greatly astonished to see bursting out of their holes numbers 
of mice, and descending from their woven habitations crowds 
of spiders, which fomied a circle about him, while he continued 
to play. At first he was petrified with astonishment, when, 
having ceased to play, the assembly of annnala immediately 
broke up. Having a gi'eat antipathy to vermin, he aUowed 
two days to pass before he ventured to touch his lute ; but 
having mustered up courage to conquer his dislike, he re-com- 
meneed his concert, when the assembly was by tar more 
munerous than at first ; and in the course of further time he 
found himself surrounded by hundreds of these animal 
amateurs. 

[I.) Mrs. 8. C. Hall, of Kensington, possessed an Italian 
greyhound which screamed in apparent agony when jairiug 
combinations of notes were produced, eitlier accidentally or 
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intentionally on the pianoforte. A gentleman of Darnisiadt' i 
once tauglit a poodle dog to detect false notes, which alwaya j 
produced a yoll from her. forming a most expressive commentary* J 
upon lIiB miapcrformance. 

(tn.) A Frencli author states that at the beginning of the 
Revolution there was a dog in Paris known by the name of 
"Parade," because he always attended the mihtary parades. 
He continually stood by and marched with the band, and 
at night went to the Opera, Coinedte Italienne, or Theatre 
Feydou, dined witli any musician who expressed by word or 
gesture that his company was asked, yet always withdi-ew from. 
attempts to be made the property of any one. 

(«.) " Wlieu I hear beantiful music," observes the autboi 
of ' Selbonie,' " I ata haunted with passages therefrom night 
and day, and especially on first waking, winch by their impor' 
tunity, they give me more regret than pleasure." " Aftei^ 
hearing the human voice," relates another author, 
was left in my mind a certain continua.1 agitation, disturbing 
attention and sle^p, while the risings and fallings, the tones 
and changes of sound and concords, pass and repass through 
the imagination." 

Alfieri thus speaks of the first opera he heard when ouljj 
iwelve years of age: — "This varied and enchanting i 
sank deeply into my soul, and made the most astonishin 
impression on my fancy ; it agitated my feelings to such i 
degree that for several weeks I experienced the most profound 
melancholy, whicli was not unattended with pleasure. Thea 
effects long remained engrttved on my sympathetic spirit.^ 
Further, he obsei-ves, " On returning from the perfonuanet 
of a piece I have not lieard for some time, it acts energetically 
on my mind as do all species of music, and particularly L' 
sound of the femak voice, and of contralto (the part imms) 
diately below the treble). A thousand gloomy aud moumfld 
ideas assailed my imagination, in which 1 delighted to indulg 
by wandering alone on the shores of the Chiaja Portici. 

(p.) Extraordiiuxry display of musical ability in tht tne 
sleep. — Dr. Braid, of Manchester, once invited Jeony lind 
and some of her friends to a seance at his house to witnees 
certain astonishing phenomena as regards musical capabihties 
in the magnetic sleep-state. There were two of the doctor's, 
patients present who were employed in a warehouse of ttM ■ 
above city. Dr. Braid having thrown by certain mauipulA-,1 
tions these personages into tlie artificial sonuianibulislic sta 
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sat down to the pianofoi'te, and the moment he began playing 
both sleep-wakera arose and approached the iostmineiit, and 
there joined liim in & trio. Having awoke one of the girls, 
Dr. Braid stated that although her sleeping companion was 
ignorant of the grammar of her own language awalse, that 
when in the clairvoyant state she woiild prove herself com- 
petent to accompany any one present in ginging in any language, 
giving both notes and words correctly. A Mr, Sehwabe being 
of the company sat down to the pianoforte, and played 
and sang a German song in which the somnambule accom- 
panied liim correctly, giving both notes and words simul- 
taneously with Mr. Sehwabe. Another gentleman tried the 
patient in Swedish, in which she also succeeded. Nest Jenny 
Lind sat down to the inBtrument and played and sang a slow 
air with Swedish words, in which the magnetic sleeper accom- 
panied her in the most perfect manner. Jenny now entered 
upon the most diificnlt roulades and cadonzas, including some 
of her extraordinary sosteniito notes, with all the inflections 
horn, pianissimo to forte crescendo, and again diminished to the 
softest pianissimo, but in all these fantB.stic tricks and displays 
of genius, even to the shake, she was so closely and accurately 
tracked by the sleeper, that several in the room occasionally 
could not have told, merely by hearing, that there were two 
individuals singing, so iostantaiieously did the somnambule 
catch the notes, and so perfectly did their voices blend, Dv. 
Braid then told Jenny that the steeper might be tested in 
acme other language, when Jenny commenced " Casta Diva,' 
&c., in which the fidelity of the somnambulist's performance, 
both in words and music, was most perfect. Mr. Sehwabe 
also tried her by the most difficult combinations of sound, 
which he said he knew no one was capable of imitating correctly 
without much practice ; but the sleep-waker uttered them 
correctly at once. When the girl was aroused from her sleep, 
she had no recollection of anything which had been done, or 
that she had affoi-ded so high a gratification to all present by 
proving the wonderful musical ability of imitation which are 
displayed by some patients during the state of artificial som- 
nambulism : she stated when awake that she merely felt out of 
breath as if she had been running. 

(p.) Display of wonderfulimitative ability of musical imsti'v- 
ment» and voices bij a natural smjmambule. — A girl, aged aeven, 
aa orphan, of the lowest rank, reeiding in the house of a farmer, 
was accustomed to sleep in an apartment separated by a thin 
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system, strongly indicated in his coantenaoce and figure, seem' 
to have been the sources oJ his attaining this hi^h d^ree of 
.ai)ility. Until a being constituted like Paganini appeared, one 
had 110 means of discovering what exquisite soimdB and com- 
poaitione might be called forth from material substances 
composing a violin and how. In tact this world may be full of 
celestial qualities as well as delicious harmonies, if we had 
only superiorly oj^amsed men and women to bring them into 
evident existence. — (Combe's "Coustitution," p. 84, j 

(v. ) History reports that in ancient times the notes were 
-letters placed overtlie syllables, but Guido d'Arezzo, in 1100, 
, invented the gamut, aud musical notation. Luther wa;s the 

. inventor of metrical psalmody in 1517. The oldhundretli was 

, origiually a love-ditty. 

(w.) Musically speaking — England, says Gardiner, has never 

^"produced an original idea. He ascribes the thoughts of Porcell 
and Ame to Itabaus, and om- grave church music to the 
Flemings. Melody belongs to ideahty, and the feeling it creat 
appertain to Nature ; harmony is more the result of scieni 
combioaliou and is a work of artificial and modem diacovi 
The combining simultaneous sound affords the intellectu) 
enjoyment of a succession of proper chords, only to be felt and 
estimated by the instructed. 

(ar.) Tlie lyre of the GreeJts was the harp of the modems ; 

. and the viol and vielle of the uuddle a^es is the prototype of 

little present violin. 

(y.y On playing the band organ to one of the Esquimans, 

P<tfae first note made him grin horribly, this was followad by a 

uyell, and a leap into Uie air, as if possessed by a devil, and he 
.continued to jump and howl, using frantic gesticulation, until 
in aiercy to the poor creature we stopped the organ and his 
ecstacies together. — (Kennedy in search of Sir J. Franklin.) 

(«.) ■' I have constantly noticed," remarlis Dr. Gregory' in hia 
letters, page 100, " thattbemagnetiBedsomnambuleisst] 
affected by music. All the subjects," continues the Dr., 
whom I have seen it tried, have been most pleasantly infli 
by it. Their features brighten up, and they usually 
attitudes nad gestures corresponding to the character of 
music. Thus a reel or a quadrille would set theni dt 
and those endowed with fine temperaments do so with exqi 
grace, while the clownish individuals sometimes sltunp 
with much vigour, but hltie grace; these results oocw 

^ fononB of both sexes, who had never been taught tO' 
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except from Nature. A solemn atraiii made them join in 
devotional music. A warlike air caused some of them to march 
and stmt about. All this will take place, iiioi-e or lasa, in 
persona wlio have in theii' ordinary state no love or little cave 
for music. A strain o£ soft hai-mony often assists in producing 
the mesmeric sleep in new subjects. This result agrees with 
the recorded fact, that music has always foi-med a part of the 
magician's arrangements. Again, -when the sorcerer wished to 
cause those who consulted him to see visions, that is, to become 
sonmambules, lie always employed gentle harmonious aire and 
fumigations. 

(fla.) When sleeping — especially towards morning — -with the 
side of my head resting on the pillow, thus exciting into action 
the phrenological organs of Ideality, Melody, and Time, I myself 
often conceive or rather hear and feel most exquisite music, 
unlike any compositions I have evei previously listened to, and 
they at the moment appear as new to me, as did those of 
Paganini, when I fii-st heard his soul-stirring original airs. I 
would likewise mention, that at periods whilst reposing, I hear 
a single female voice or a chorus executed by ladies, whose 
strains are always more melodious and fascinating than those 
of men. Further, I feel perfectly assured that I could, when 
awake, place this dream-music on paper, if I had an ability 
like that of Mozart, who always heard his most effective pieces 
iu his sleep, winch on waking from, he wrote down. I am 
impressed here to ask how the above results come about or 
transpire. We are mostly led to positively conclude, that all 
mental perceptions of new and distinct things, with their 
attached qualities and belongings, must have an origin fi-oni 
without. This being the case, I am often tempted to con- 
clude that certain shadowless beings of the air impress the 
results in question on my organization, and through it on my 
inner self -hood. 
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399. Elasticity [gr. elaste, a. spring). Thisis one of those v 
L which is siqiposed to represent a particular quality or natui 
t energy, appertainiag to certain bodies, but as at present 
L employed— like the terms power and /orce^(aee " Besiatance," 
I aec. 413), suggests to the senses no interpretation as to a 
I direct or positive cause working out a sequence or effect. 

(a.) The above negative appellations, so often applied to 
' particular economies, are frequently received by the unreflective 
as explanatory of how certain results originate in the processes 
of Nature. Therefore my chief object in this disquisition will 
be to seek for the true causes or circumstances under which the 
property of elasticity is developed. 

(b.) The term elasticity (see sees. 86 and 409) is generally 
I applied to that property of matter where the molecules, after 
■feeing partly separated by an external appliance, can regain 
[ their original position ; hut the distance created between them 
i must fall short of fracture in some bodies, and also, minus that 
I displacement with others, which would carry them beyond the 
f -bounds of their capability to recover by reaction, their former 
\ Bjtuation, 

(c.) Some authors define elasticity to be an attribute, or 
propensity, which appertains to certain bodies of recoveri 
their previous form and dimensions, after the external meai 
by which they may have been dilated, compressed, or bent, t 
withdrawn ; other persons have suggested that when the forf 
of a body is affected by the pressure or action of anotb 
extraneous to it, the reacting abihty by which it ansta' 
or tends to remove that pressure, is its elasticity. 

(d.) But what is this reactive abihty ? Whence its origiafl 
"What is it that operates, and after what mode is the actiol 
brought about? Is it heat, electricity, magnetism, or coi^ 
densed — so to speak — motion, or are all of these called into 
effective operation by the bent spring's effort to recover again 
by reaction that condition stamped upon it by Nature's arrangB- 
[ meat of its qualified particles ? 
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(c.) It has been considered, fm-lher, by certain t 
this subject, that all ponderable matter is composed of inde- 
finitely small parts, or corpuscles, acted upon by what has 
been designated attractive and repulsive energies. " The 
attractive energies," say tliey. " result from the action of the 
inolecnles on each other; the repulsive vigours result from 
the caloric with which the atoms are surrounded, or combined, 
and when bodies are in a state of apparent rest, these two 
anta^ouistic energies are opposite and eqaal," 

(/.) It would appear to me that the molecules of matter are 
held together by other agents, or after a diilerent mode to that 
conamonly supposed, i'or instance, a piece of lime is in general 
merely regarded as being composed of oxygen and the metal 
calcium; but it should be remembered that all substantive 
entities are intimately combined with certain imponderable 
elements, as heat, light, magnetism, electricity, Ac, and if we 
entirely extracted but one of these principles from among any 
of the materials surrounding us, they would lose or have all 
their present qualities altered, and consequently wotdd then 
not be recognisable by our senses. It ie by and through the 
constituents and properties of things that we appreciate or 
are capable of observing and notifying their being, or exist- 
ence, so that the piece of lime in question must have entering 
into its composition heat, light, electricity, and even the matter 
of sound, Ac, in order to constitute or give it the characters by 
which we apprehend it. 

(3.J The imponderable principle, electricity, has been called 
pyrogen (tire generator) by Mr. Lake, who proved by many 
and varied experiments that thifj element lias a positive 
material substantive and chemical character. It has been 
thought by some persons that this fluid principle, under certain 
ciroum stances, is capable of being transmuted into, or very 
intimately associated with, light, heat, and even sound, &c., 
as economy may require. Now, tliis so-called pyrogen exists 
under two states. Fhst, in a static condition, as where it is 
imprisoned, and forms part of the constituents of bodies, and 
most probably by its presence readers each corpuscle vividly 
electropohir, thus holding them together. In this way the 
particles serve as fulcra (levers), so to speak, whereby the 
positive and nefeatucfoTi or state of pyrogen, can act and 
react on them ; as the qua titv or quality of this pyrogenelic 
or electric fluid of coi pos tion varies in substances, it may be 
the cause, perhai of It g them bard or soft, kc. The 
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second state of electricity, or pyrogen, is that of being 
motion ; in this latter condition it will be constantly found 
passing {when not isolated) over the surfaces of all bodies, 
exciting forth the necessary changes in hving and dead matter, 
and by its influences promoting the economy required by each 
entity. From the foregoing suppositions it may, I think, be 
granted, as before suggested, that beat and electricity, ic., 
enter into the composition of every substantive thing in 
existence. In fact, it may be stated that they form a most 
indispensable part of all bodies, and that without their 
presence, materiality, as now recognised, would become a 
nullity. 

(h.) As heat has been supposed to be one of the agents 
keeping the corpuscles of the substantive world separate from 
each other, may not electricity, under polar attraction, serve 
to bind them together ? 

(i.) I consider that the property termed elasticity, is due to an 
action chiefly excited in and among those molecules which are 
confined to the surface of things, where predominates the 
agency of ever-acting inducting electricity. This so-called 
elasticity ia particularly demonstrated when essaying 
elongated solid substances by procuring tliin slices of thei 
unless we employ very long bodies which is only a multi]^ 
of superficial effects ; and where the particles, or their asso- 
ciated elements, can offer but little resistance to the applied 
Btress. 

(j.) I conceive that on bending certain materials, the 
molecules on the concave, or opposite side to that put 
stretch, are driven closer together, thus squeezing out, as 
were, the heat of composition, which was latent to 
when forming a part of the substance under its natural eon- 
figuration, but became free, or developed caloric during ouf. 
operation, and could have been detected, if not by the hand)' 
through Melloni's battery. By thus condensing, or causing 
the corpuscles to approximate each other, we increase their 
capacity of receiving bock again the heat of composition, or 
its equivalent, that was expelled by our experiment ; and. of 
coui-se, on ceasing the eS'ort that effected the cur\'e, or bend, 
the disengaged caloric rushes in again, and acts like so many 
myriads of spiritons wedges — so to speak — which sei-ve to force 
these compressed atoms asunder, and thus the body in question 
regains its original, or natural form and position. By means 
of strong pressure, or through certain percussions, the fiiBt 
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effort prodiiees the gi-eatest heat and change in density ; tlms, 
in coining copper of 8-65, the first stroke renders it 8-89, 
with an increase of caloric eqnal to 10 degrees ; bnt the second 
blow makes it only 8-91, with an increment of 4 degrees of 
heat. 

(k.) Heat acts differently on solids— as far as regards theii' 
so called elasticity — to what it does on fluids and gases, for on 
applying lieat to dense bodies — ao long as the temperature is 
below a certain point with, metals, and short of destroying 
inoi^anized matter, their fibrons formation^ — -experiment shows 
that there is scarcely any change in their elastic tendency ; 
but not BO with fluids and gases ; the elastic ability of these 
latter being readily multiplied, with every increment of heat ; 
so that solid substances are bound together by different condi- 
tions to those of fluids, vapours and gases, which can be 
attributed no doubt to the presence in their composition of 
more or less magnetism, electricity, and the matter of 
heat, &c., £g. 

(f.) It becomes a question whether what has been called 
elasticity, or that reactive effort, resiiltiug from the use of 
weight, leverage, or muscular exertion, as apphed to certain 
actions on bodies, can in any \vay be associated with the 
collision of two free substances against each other. It is true 
that both are a consequence of motility, bnt the latter is a 
sequent of free motion, as far as the impact of the materials 
are concerned, and is cut off at the time of contact from the 
energy that originated the impetus, bnt not so with the fonner, 
here the body acted upon, though preceded by motion, is not 
free to return instantaneously, by reaction, to its original 
position, as was the ease from collision. The effect produced 
by pressure on the body in question, is still in connection with 
it diiring the time of operation and unlike that after percussion, 
remains under command. Further, with oblong solids, the 
chief displacement of the molecules take place in the parts 
most remote from the applied energy, as where we flex a piece 
of whalebone, by making the two terminations approach each 
other, or by bending one end of ei steel spring, whose other 
extremity is flxed. The reverse of this is the case in collision ; 
here the dislodgement, if any, of the particles occurs 
directly opposite to the locality where the agency was apphed, 
Again, the effects or operations producible by each are very 
different in character. Those resulting from pei-cussion can 
be nnule Lu viiry in every degi'ee of intensity, whilst those 
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originating from preBSure show an energy more circumBcribed 
and conseqnently less effective. Thna, the stroke of the 
hammer, will exercise an ability apon the head of the nail, Ac.. 
which bare weight, however exercised, could never produce. 

(m.) The quality of elasticity is stated by some authors to 
be intimately connected with that of hardness and brittleness, 
BO much so, that it has sonietimeg been held chat one charac- 
ter is proportional to the other. The foregoing observation 
had its origin from contemplating the effect produced by the 
impaction of certain splitrical bodies, and is dated upon the 
supposed giving way and springing back again of their compo- 
nent parts. This action of yielding and restoring its surface in 
a body after pBrcassion, appears to me to be most erroneoufl ; 
and I am led by various facts — to be hereafter discussed — to 
attribute the cause of the recoil of spherical bodies after impact, 
to an electro- reactive energy. (See " Collision, " sec. ilO.) 

(n.) When testing certain elongated bodies, for the purpose 
of demonstrating the quality of elasticity by flexion, we find 
varying results. Thus, contrast the action of strips of glass or 
ivory, with those made of whalebone or steel. If this yielding 
of a substance (which is represented as decidedly essential in 
order to constitute and display elasticity) was a property thai 
could be effected by gravitating matter, independently of, 
unaided by tlie unponderable elements : it ought to exhibit 
same characteristics under whatever shape we hnd it, and 
result should be identical, whether essaying with a strip 
ivory or the same material made into a ball, since form 
add no innate natural quality to ponderable bodies. 

<o.) If we bend the free extremity of a spring, whose opposite 
termination is fixed, and place on the depressed end a ball, 
and then suddenly let go or i-emovc the pressure that bore it 
down, the spring by this proceeding recovers the ability to react, 
and the sphere ia then seen to suddenly start npwards to a 
given distance, through, as it is generally stated, an elastic 
abihty. Now if we take an uuyeilding piece of iron or wood 
— depositing on one end of the same the ball in question, and 
then equipoise the bar. so loaded, over the edge of some per- 
pendicular material, we shall, on striking i\-ith a hanuner tlie 
opposite extremity to that ou which the sphere is placed— see 
the ball fly upwards ten times higher than it did by means 
the previous expei-iment, Now this latter effect was not 
result of what has been called elasticity, but was brought a1 
through the animal electro- uiague tie enorgy. appcrlaining 
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the operator, whicli was ejected from liis body and conveyed 
by the hand and hammer to the bar-lever, and through it to 
the globe. 

400. Collision, impact or percussion. — It has generally been 
held by authors, that if two perfectly inelastic balls move 
towards each other iu opposite directions and with velocities 
inversely proportional to their weights or masses, they will 
destroy each other's velocities aud remain at rest. But if two 
perfectly elastic spheres meet each other as above, that at tlie 
moment of impact, the balls compress each other, which 
pressure continues until reaction has annihilated all the velo- 
city of the globular bodies. At the same time the parts of the 
balls doae to the point of impact have been compressed. If 
then, say they, there were no effort iu the parts of the spheres 
to recover their former position, the balls would remain at rest. 
But they generally rebound, and if the recoil were complete, 
that is, if the parts of both bodies endeavoured to recover their 
position with an energy equal to that which disturbed them, 
the recoil would rapidly but effectually create in the balls a 
backward velocity equal to that with which they approached 
each other." From the latter part of the foregoing quotation, 
it is apparent that the cause of the recoil of one body from 
another after impactioD, is attributed to the agency of the 
pressed in parts springing out again, whicli reaction has been 
designated elasticity. 

(a.) Before accepting the above proposition, we would seek 
to be satisfied that the cause assigned, as accounting for the 
above phenomenon, is correct. It is found that tlie recoil of 
certain bodies after percussion varies very considerably accord- 
ing to their composition and texture. Thus small spheres made 
of hard stone — as boy's marbles — are perfectly inelastic as far 
as altering their form and dimensions by coUision, as regards 
being indented by impaction, and their rebounding abihty after 
percussion is found to be much greater than that of dry wood 
or ivory, or even india-nibber. 

{b.) It has never been satisfactorily demonstrated, that por- 
tiona of hard and brittle subatancea can assume their former 
dimensions after the indentation in question. Onthecontraryall 
evidence, by our senses, tells against this proposed contingency ; 
we shall therefore presume that tlie above stated circumstance 
is assumed u'jt proved. But allowing that these indentations 
of the balls under discussion, did ensue from tlie operation 
dfiscribiid, the i-iitrgj of legi cstjioii would scarcely shake off a 
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particle of dust, much more drive backwards the object after 
percuBHion. In {act the greater part of the abUity employed 
in produciiig tlie said depi'esaiou, must be expended io pressing 
ont or exciting foith the latent heat or caloric of eompositioii, 
and though the heat must return or be reabsorbed, as the 
supposed concavity fills up again, the sm-face in question is so 
drcumscribed, that there could be very httle vigour exercised. 
The case is different with elongated bodies in reference to 
elastic action, as in bending a spring, here we have too large 
surfaces engaged in the production of reaction, as explained in 
section 409 {i.) 

(c.) If vte make a depression in a solid caoutchouc ball, 
effort of its springing back, though the substance is moi 
resilient, is rather alow and Jeeble in its enei^, and the efToi 
is but ehgbtiy more effective when allowing a compresse 
bladder full of air to suddenly regain its former dimensioiii 
Bven a collapsed thick Indian rubber bottle, where there will 
be ample time to remove the pressure before reaction com- 
mences, and though the effort be assisted by the rusliing in of 
air, yet in gaining its original form, the retro-action <cvill 
scarcely lift or shake off a small piece of paper, although the 
regressive action produces a slight report, indicative of feeble 
electro -sonorous excitement. Further, if we employed a hollow 
metal or glass globe, the former might bend inwards but would 
not resume its prior positiou, and as regards the glass sphere, 
it would break before jielding, yet both these recoil after 
impact. 

(.d.) We may now I think proceed to put to the lest the 
proposed sequence of indentation ensuing on the surface of 
hard and brittle bodies by percussion. If we take a solid ivory 
or glass bail, and place either in a vice, and then screw up the 
shafts of the instrument, it vrill be found (though we apply ten 
times the energy to the above spheres we could induce by im- 
paction) that on applying the cahpers, the dimensions of the 
Spheres are not altered, and if we proceed with the pressure, 
it could be demonstrated that the balls would crumble before 
they yielded to an extent appreciable by measurement. 

(e.) By way of proving the displacement of the sphere's 
surface by collision, the ball has sometimes been oiled, aiid 
then allowed to fall on certain hard substances, and 1 
experimenter perceiving rather an extended spot of | 
after contact, came to the conclusion, that the effect witaes 
a result of the sphere I 
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slab on wliich it impinged. But Jti this case, the oil on the 
ball resembled the moiature on & wet cloth, which latter being 
flirted impels the water to fly off, by checking the towel's 
courae witli the hajid, but the fluid put in motion by this 
effort, received no hindrance to its transit, and of course, the 
water escaped from off the cloth. So it was with the falling 
oiled ball, its velocity was suddenly arrested, and by electrical 
reaction was driven up from the ground on which it impinged, 
but not so the oil that covered its surface, for it, the oil, being 
free to obey the motion imparted to it, during the transit of 
the sphere, it necessarily fled off, and was received by the slab 
from which the ball rebounded. There would have been 
nearly as large a mark uiELde by the oil had the sphere been 
arrested or caught as it descended in a sufficiently deep ring, 
thus preventing it from coming in contact with the ground. 
The flnid would be here acted upon, like the head of the axe, 
situated on its handle, when the latter is struck upon the 
earth, in order to fix it more firmly. Besides, if the oil be 
apphed very sparingly, the spot produced will be small in pro- 
portion, and if we increase the oleaginous fluid ever so httle, 
the greater will be the mark produced, though falling from the 
same height. Now the larger or smaller mark occasioned by 
the increase or decrease in the quantity of oil, could not be 
the result of the flattening of the ball, since the amount of its 
depression must be the same, whether there was much or 
little oil applied, 

Further, the spot would have been larger, had an aq^ueous 
or thinner fluid been made use of, because of the less tenacity 
to overcome when escaping from off the sphere. Again, if we 
use a thin moist coat of red or black varnish and now praceed 
as before to make the experiment over white mai-ble, the mark 
mil be a mere point as compared with that left when employ- 
ing oil or water. Note also, that "when we examine the newly 
stained billiard or pool balls, it will be found that the marks 
on their surfaces, after impact, are merely very diminutive 
spots, and these are produced by having their pigment 
knocked ofi'. 

(/.) Globular bodies do not rebound with that effort, when 
falling on wood or india-rubber, and especially upon the metals, 
as tbey do after impact with more brittle non-electria conduc- 
ting Bubatances, and yet the resilience of hgneous and caout- 
chouc materiais, is much greater than that of slate or marble, 
and more susceptible of being indented, and here — as regards 
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the wood, metaJs, and india-rubber — we recognise the 
of that sharp sound, which is always indicative of electrical 
excitement, and is constantly produced, when brittle hard 
bodies impinge on each other. 

[g) Admitting tliat hard and brittle bodies can be depressed 
and that an elastic ability may in tliis way be excited into 
action by impact, the energy ought tlicn to increase with the 
surface apphed ; yet the globulai' marble that touches the 
ground by a mere point, rebounds a thousand-fold more in 
comparison to what it would, if the same mass — fashioned 
from a like material — was made flat. The cause then of the 
phenomena of bodies recoihng or bomiding upwards after 
eoUisionmuat, we opine, depend upon electrical reaction, which 
economy will be hereafter diacusaed, Wlien electricity 
developed throngh certain processes, and particularly whf 
brought into action by collision, its energies may be expendi 
in many ways, as where it calls forth heat, sound, motion and 
combustion, &c., or it may be distributed by finding its equi- 
librium through means of conduction. For instance, when 
certain bodies come in contact, there is often produced a 
sharp, ringing noise, but not the expected motion, in answer to 
the effort made use of, as where we drive with great vigour one 
billiard ball against another. The sphere struck by the cue 
suddenly comes to a dead check after impact, instead of 
following the ball impinged upon. In this case the greater 
part of the energy is no doubt employed in producing or libera- 
ting a special or particular kind of acute sound, and probably 
at the same time a point of the arrested or reacting ball under- 
goes combustion. A parallel to this latter sequent may be 
noticed in muscular exertion or even during cogitation, neither 
of which processes can ensue (as shown in the excretionB) 
without the cremation of a portion of fibriue, with the former, 
and brain matter, in the exercise of thinking, both of wbidh 
are preceded by auimal jnotion and electrical excitement, 
regards electricity producing sound, this is evidenced wh 
forming what has been called the electrical brush, which 
developed, by allowing this fluid to escape from the extremil 
of certain wires. Tims, on holding a bluntish point, vitreouj 
charged, towards uninsulated water, a star or quiet glow 
appear upon it, and the surface of the water will be depress 
by the current of air which passes from the obu 
extremity of the wire, but upon approaching the point 
question nearer the water, sonorous brushes will succeed. 
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the current of air wOl iiiHtaiitly c&ase, whilst the Biirface of the 
aqaeous fluid will become level. Here a stream of electricity 
instead of producing motion calls foith or developes sound. 

401. Is t)ie Viotion of Gravitation ill. faU'utg bodies tiie result 
of electrical action and reaction ' 

Newton particularly cautious liis readers agaiust supposing 
that there is really any attractive ability residing in the centre 
towards which bodies tend, this middle locality being only a 
Viathet/uttical jioint. He also takes care to mention that he 
uses the term to denote a fact and not a cause ; and that he 
employed the proposition for the purpose of avoiding systems 
and explanations. This tendency, he suggests, might be 
caused by some subtile matter proceeding from bodies, &a.A. ha 
the effect of a real impulsion, or that agency of one body 
Eicting on another ; but whatever its cause might be, it was 
clearly a piimary fact from which we might set out explaining 
other events or occurrences depending thereon. 

(a.) Having by way of preamble, quoted the above para- 
graph, I will now^iii all courtesy to those who have written 
concerning the foregoing enquiry as regards elasticity — proceed 
to give my own conception of the source from whence spring 
the pheuomena dependent upon mipacjion or percussion. 

A falling body is said to approach the ground, through the 
attractive energy of gravitation, aud according to its mass and 
tlie squares of its distance, so will be the adductive ability 
thereof. This being true, when a ball is impinged on the 
great earth, it should become firmly attached to it, as a piece 
of soft iron is when brought in contact with a magnet ; but we 
find on the contrary, that at the moment when the attraction 
of gravity ought to be at its maKimum, it is instantly 
destroyed, and the sphere is seen to rebound from the locahty 
on whicli it struck. 

(d.) The flying up of the ball after its impact with the stony 
slab, has been attempted to be explained— as before quoted —by 
representing that the opposed part at the moment of contact, is 
forced inwards, aud then by reaction, flirts out again, and this 
suppoied operation was designated elasticity, aud having era- 
ployed this word for a conjectiired process, all further research 
after ulterior causes would appear to have been abandoned. 
But with the reader's consent, I "will resume the discussion of 
this subject, and in so doing, I hope to place the origin of the 
consequent in question before him in its true Hght, 

(c.) If we suddenly project a sphere of ivory or marble on to 
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the pavement, the ball bo thrown will be seen to 
I conceive from the yielding of its surface, but from the eli 
tricaJ reactive blow received from the object on which it 
cast. Now the hall in question weighs, say. one ounce, 
fi-om the impetus given, it struck the slab with a motor impresa 
of 20 ounces, and of course, it received back a reactive blow fi-om 
the body on which it was cast, equal to the latter weight, but 
as the projected sphere could only resist a quantity propor- 
tionate to its own gravity, the superabundant 19 ounces return 
stroke from the ground, miist act upon the hall like a blow 
from a hammer equalUng the weight in question ; and of cours 
the ball was impelled upwards. Further. Another cai 
producing the rebound of the sphere under discussion 
be cited. Thus, it is known that bodies in motion have tlieir' 
innate and surface electricity excited into activity from the 
friction they ate subjected to, whilst passing through the 
atmosphere, and the intensity of the electricity appertaining to 
the descending ball will be at the point iieai-est the earth, 
whose electrical condition will of course be in an opposite 
state to that of the falling sphere. Now, as the descending, 
body touches the ground, there ntust ensiie an ititerckavge 
the two electidc fluids, that which is carried upon the ball 
be discharged into the earth, whilst that from the latter n 
strike the most depending portion of the falling sphere, and 
course propels it upwards, the intensity of the proptdsion bei 
always in accordance with the electric conductibUity of the 
Bcending substance. Thus, ivory, stone, drywood, caoutchoi 
I ^nd especially shel-lac, are non-conductors of electricity, 
1 'therefore the return stroke against these bodies will be 
fined to the point touching the earth, but with metal balli 
which are good conductors of electidcity — they no sooner re- 
ceive this fluid from the ground, than its effects instantly 
spread all over them, having no particular sway on oue part 
more than another. It is owing to this electrical condnctibility 
that metai balls do not rebound when east on the pavement. 

((7.) It might be liere noticed that if we roll metallic balle 
along the ground, they will not— though of like weights — 
and projected with the same amount of energy — proceed 
80 far or so fast, nor reboimd to such a height, after being 
down, as those constituted of wood, ivory, or caoutchoooJ 
This result — as regards the forward motion — is independ< 
of compact ability or the friction ensuing from their 
alony or over the earth. 
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(e.) Whea the surface of certaia spherical bodies is capable of 
beiug readily indented by impact — like lead and wet clay, &c., 
we find no resilient reaction iu them, but on the contrary, they 
he almost motionless after coUiaioii. ftelative to the clay, it, 
like the piece of lead, becomes a good conductor of electricity 
whilst moist, but if we tlry and baie it, now it is a very bad 
tranamitter of this fluid, and will then after percussion, recoil 
equal to or even more than a ball made of ivory or wood. 

(/.( That slight electrical excitement, will cause bad con- 
ducting bodies of electricity to fly up from certain surfaces, 
(may be witnessed iu the well-known experiment of the pith- 
balls) where — by charging a bell-glass with this fluid, and placing 
these spheres underneath it upoa the table, they will be seen 
to dance up and down, and to continue to do so, for a long 
period, until they have nearly carried off all the redundant 
electricity of the glass. 

(g.) In the game of billiards, when the hard ball strikes the 
soft cushion (stuffed with wool or horse hair), it is said to be 
slightly indented, as is also the yielding ledge against which it 
impinged. Now if there is any knowledge ever reaped from 
mechanical experience, this eti'ect, as regards the ba!!, must be 
incorrect, for had the obstruction that arrested the progress of 
the ivory sphere consisted of wood, the rebound would have 
been less, and had a metal been substituted for the ligneous 
substance, the recoil would have fallen much short of that 
produced'by the wood, though these two latter objects must 
both have tended to indent the bony sphere more than the soft 
cushion. The fact is, the padding of the table ledge, was a bad 
conductor of electricity, and of course the reactive electrical 
ability did not spread or expend itself in calling forth or creat- 
ing sound, (see g, sec. 410), and consequently the electric vigour 
from the cushion was all directed back on to the billiard ball, 
which being also a non-conductor of electricity, the energy of 
this fluid — combined with the reaction from the impact — was 
coiifined to a dimiuutive spot on the surface of the impinging 
sphere, and thus became the cause of its rebound. 

{h.) If we suspend iu a long row a sot of ivory or shel-Iac 
balls, (see )i, " Action and Reaction"), the one touching the 
other, and then draw out the first of the series and let it fall 
back to its original place, it will not rebound on striking the 
chain of spheres, but the ball at the other extremity of the row 
becomes impelled outwards. 

The same result ensues if we gently strike with a small 
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hammer the first hanging sphere of the aeries. Tliis fact proves 
that no indentation takes place, followed by a flirting out of 
the substance of the ball, for if there had, the detached sphere 
would have rebounded on falling against the chain in question. 
Some persona have attempted to account for the rebound of 
the ball after percussion, in another way, namely, the 
say they, bulges out, at right angles to the hne of impact, thus 
becoming ovoid in outline, and then suddenly regaining, by elas- 
iKcity, its globular sliape, flies up from the surface on which it. 
inged. But it has been found, that on dropping the ball to 
the ground, suspended in a linen tube, with just enough room 
for its descent, that no bulging of this hollow cylinder 
to take place when the ball strikes the ground. Again, no 
amount of pressure- even in a vice, enables us to elongate 
the diameter of the sphere under discussion. These faci 
denote that the bail in question does not alter its form, eitht 
by impact or pressure, so that neither of the processea pi 
posed, namely, the indentation and subsequent flirting oaj 
of the surface, or extension of the diameter en sues after percm 
sion. As the effects of collision then, are not explained by 
theories advocated above, I am again urged to pronounce thi 
the recoil of bodies, after impulsion, is the result of 
trical reaction. 

(i.) If we dip spheres made of wood, clean ivory, caoutcbouo 
or stone, into water, and thus render them better conductors 
of the excited electricity we shall greatly lessen their rebound- 
ing abilites, lor the amount of recoil is found to be very fat, 
short of that effected when employing these bal" 
state. 

(j.) On casting an ivory or marble sphere upon a stone sli 
it is seen to rebound to a certain height, but if the slab be 
broken into small pieces, and we now repeat the operation, it 
will be discovered that, though the descending body strikes, by 
its depending point, the centre of one of these Joose fragments, 
it will recoil but Uttle in comparison to what it did, when fall- 
ing on the unbroken mass, by reason that the portion of stone 
stmck cannot return an equivalent reaction, owing to its 
want of weight and inefficient connection with the earth, (See 
Article " Eesistance.") 

Further, if the original stone be rendered into powdei 
stead of into fragments, then the sphere upon falling will 
recoil at all, fiom the circumstance of its natural excii 
electricity being discharged into or among a number of grauult 
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that act aiifl react on each otliei', and not conjointly upon the 
fallen globe. Yet the weight and the amount of motion may be 
the same, and the flattening and springing out again, aa 
regards the ball, ought to have followed, and it should likewise 
have recoiled as a necessary consequence, whether the stone 
was whole or in small pieces, according to the theory on which 
is founded the exemphficatiou of elasticity through colhsiou. 
For we know that where certain sohd bodies yield readily, as 
with lead, they flatten after impaction on very soft and yield- 
ing materials, as seen where the bullet strikes the water, which 
if still and deep, the projectile when in rapid motion, becomes 
levelled down as if it had struck a hard unyielding material. 

(fc.) The contractihty of animal fibre, has been said to be 
unlike what is generally recognised as elasticiti/, because the 
latter can never act as a primary mover, nor is ever a source of 
abiUty, but merely the reaction of an energy previously 
applied. It is not affected by poisons or destroyed by death. 
" Contractibility " — it has been said — " can of itself originate 
motion." But contractility is always an effect and not 
a cause, how then can it become an originator as hero 
proposed ? The phenomenon of contractihty must always be 
preceded by some electric or magnetic excitement, brought 
about through the agency of the nei-vons system in animals, 
and the life principle in the vegetable kingdom, for these being 
removed, we have of course no more natural contractihty. 

(/.) The elastic spiral fibres of the muscles of animals and 
the cork-screw like tissue of plants, &c., are acted upon by 
similar principles, for the nervous fluid is but another form of 
electricity or magnetism, of which there ate many kinds, as 
we have various colours and numerous sounds, &c. Now the 
electricity and magnetism of the earth is as effective in its 
operation on the delicate requirements of the vegetable, as is 
the more energetic action of the nervous fluid to the animal, 

(ra.) As regards poisons, they destroy the prime mover or 
vital action of the animal elastic system itself, and con- 
sequently cut off all causation ; they are found alao to afl'ect 
the natural economy of the hving plant as effectually as that 
of the more highly endowed animal, only the effect is not so 
apparent, from the slowness of the action in the former, but 
then the vitality is less predominant in the vegetable, to what 
it is in hving creatures. 

(n.) ContrEictility like elasticity, must be preceded by certain 
. primary operations. In fact every result we can witness is 
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the sequent of many efforts ; all the effects that arrest 
attention are anteceded by a number of linied causes, but our' 
finite Benses can only recc^nise the proximate occasioners of 
events or consequents. 

(o.) It has been stated by authors, that " when an elastic 
baU is set in motion, and it strikes another at rest larger than 
itself, the latter ia set in motion, in the same direction, whilst 
the former remains stationery." Now, had the sphere that 
struck the quiescent ball been elastic, as described by essayists, 
it would not have remained at rest, but must have rebounded 
after impaction. 

(p.) As regardt electrical excitevient. — No friction, percu8Bi< 
or even motion, can take place without praducing ele( 
excitement — especially if these processes be exercised 
dissimilar substances. By these operations the particles 
bodies are brought rapidly into close contact with each otl 
and as quickly separated, as witnessed where we mb glass 
an amalgam (a combination of quicksilver with other met 
for the purpose of eliciting the development of electricity 
means of the electrical machine. But there are many 
modes, by wliicli this all-affective agent may be evolved, 
fact the energetic disturbance of the established equilibrinnL 
the particles of bodies in any way, wUl be found efficient 
call it forth in varying degrees of intensity. Thus, the forci 
disruption, of cohesion, mere pressure upon certain ciystallij 
substances, the heating of othei-s, changes of physical states^ 
evaporation, and the process of crystallization, are all capabi 
of producing electrical excitement. If we break a roll 
sulphur, there will be found a charge of electricity upon 
two surfaces, and if we pound a piece of this material in a 
mortar, and pour the fragments upon the glass 
trometer, the leaves there present will diverge very fc 
and if the contact be i-enewed with fresh surfaces uptm. 
different plate, we shall find that it is not easy to deprive 
fragments of the whole quantity of electricity they hai 
acquii-ed. Further, if we take a rhombohedron (a solid &i 
of six sides! of Iceland spar, and hold it by the two opposil 
edges, and then press upon its opposed faces, it will manifest a 
decided ability to attract light substances. Friction produced 
by hquids calls into effective activity electricity, as where a 
barometer, well treed from air, is first filled vritli mercurj-, luid 
afnin, where a current of air is directed against a plate of glass, 
the latter vnlt acquire positive electricity and therefore the 
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It is iu tended throughout Uie fovihconiing work to point 
out certain novel characters in regard to tlie influencing attri- 
butea of Matter— by displayijig tlirough particular (acts— the 
true agency that the atomized and unatoniized or tdtragaseous 
worlds, exercise in the economy of Nature. Added to ■which, 
wili be au investigation into some of tlie more abstruse Laws 
governing the variona kinds of Motivity. Also an iiniiury 
touching the action ol the Life-Pkinciple as it manifests itselJ'. 
whilst governing tbo development of the vegetable and animal 
kingdonie. Further, the Matebi-U.itt of Elkcthiqitv, Heat, 
Light, Colours, Ononas, and Bouijd, are considered, demon- 
strating that these principles Lave most of the uharacteriatics 
of corporal itids — save tlial of ponderability or weight. In 
addition, will be a disquisition touching the qualitative causes 
of BEB1BT.4NCE, and lastly will be annotations oa Gkoi,Q(£ 
and AsTRONiiMi', 
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We have been favoui'ed with a penwal of a portion of 
Mr. HaiKls' Work on "Mattek. Ac," and can speak of it ai 
most able and interesting contiihution to scientific literatari 
The Modern rh!/m:uiu.— Ma.y. 1879. 

Mr. Hand's Essays on Matter, Motion, Life and . 
tauce, Ac, are replete with iustruetiou and ongical 
oeiitious of a verv striking character. — Ilnnian Naturi.: 
Juno 20th, 1*170. 

Mr. Haiids.otHauimBi-sjnith, author of some very intei 
ing works, hasiiow adopted the plan otiginatedbyDickfiisancI 
Thackeray, whose books wei-e brought out irj monthfy 
tnentfl. Mr. Hands's views are iiiOst original und illustratwd 
by facts, his language stimulates the mental taste, like that 
Robert Burtoii ami Lir. Johnson, and pleases whUst iuatnicti 
tlie reader.— Tfic Sim,^.a- Daily Ncu-n.—iimn IBtli, 1879. 

Mr. Hands has issued the second (July) part of bis ■■ N* 
Mews of Matter, Life, Motion, and Resistance," In unittv 
respoias, this thoughtful and industrious author baa troddcii 
paths whicli are also explored by Dr Babbitt, in his croat 
work on " Light." 

Thesd writers are pioneers in new IJnlds of scieniilie 
research, and as such, a duty falls to their lot which canuot 
bo attributed to a selfish motive. Mr. Hands is a truo auilior', 
and gives to his readers profound original tbought, at a prt — 
lar price, his single object apiiai-entiy being the educatioi 
the public mhid in all its multitudinous foriufi. — The MetU 
and Daybreak, July 26, 1879. 
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ELECTRICAI- EFFECTS OF FEICTIOS. 'Afid 

Bt be negative. The rapid agitation of a piece of ailkin the 
air, connnimicates to the latter positive electricity, whilst the 
silt becomes negative. Fibrine (a substance easily obtained 
from coagulated blood) when dry, on being rubbed in a 
mortar, becomes so strongly electro-positive, that the particles 
repel each other and adhere to the vessel in which it has been 
pounded. 
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402. Action a?id reaction are always opposite and equal. 

(a.) Action.—'La mechapica denotes generally the effoH! 
which a body or element exerts against another body or prin- 
ciple, BometimeB it implies che efEect or motion resulting from 
Buoh effort. Mechanical a.ction is performed either by per- 
cussion or by pressure. Belative to the former the effect is 
instantaneous, as regards the latter it ia continued. In all 
cases of mechanical action the eilect of the operating body is 
resisted in an equal degree by the iriertia (inactivity) of the 
body acted upon,whicli resistance is termed reaction; and it is an 
axiom in mechanics, that action and reaction are always equal 
and exerted in opposite directions, Thus in driving a nail 
^th a hammer, the stroke operates against the face of the 
instrument exactly with the same energy as against the head 
of the uaU, and in pressing the hand upon a stone, the sway 
on the hand and on the stone is precisely the same. 

(b.) Reaction. — A term used in mechanics to denote the 
reciprocality of an energy exerted by two bodies, which act 
mutually on each other ; or the general fact collected from 
. observation is, that any two bodies repelling or attracting each 
other, are made to recede or approach with equal momenta 
(the quantity of motions in moving bodies). Newton's third 
law of motion is, that " reaction is always contrary and equal 
to action, or that the mutual actions of two bodies are always 
equal and exerted in opposite directions." 

(c.) It is the always emanating or undulating properties of 
bodies acting upon ns, and our systems reacting back again on 
them, that make us conscious of their being. It is not by the 
touch that auimals judge of things relative to their distance, 
motion, figure, or plurality. The swallow and bat catch insects 
on the wing. Birds when they leave their neat for the first 
time do not run against things, and they know an enemy a long 
way off. These facts show that living things must act and be 
reacted upon, Man acts on man, he caimot antedate bn 
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experience, or guess what faculty or feelinga & new object 
shall unlock ; as with love, for instance, or revenge from 
outrage. 

(d.) When a gun ia fired, the ability of driving it backwards 
is equal to that of sending the ball forwards, taking into 
account the weight of the gun. 

{e.) If a body in motion strike another at rest, the reaction 
of the substance at rest wi]] rob the one in motion, exactly of 
BO much motility as the required enei^ to put the body iu 
motion, 

(/.) All bodies fail at the same rate, whether large or small, 
and while the earth is acting on them, they also are reacting 
on the earth. 

(g.) Bodies when stationary act and res-ct on each other, 
in the dark, but when light is admitted to play upon them 
it increases this interchange of undulatory operation. 

{k.) There is an action that follows certain inoculations — 
80 to speak — where the reaction ia not equal, but immensely 
amplified in its operative results ; as after yeast has acted on 
the sweet wort, Again, as regards the influencing effect of 
fascination, made use of by one animal upon another, and also 
the agency of the soul or inner-man, employed in the process 
of Will-abiUty. so often displayed by electro- biologists. These 
responsive effects so produced, cannot be evenly contrasted 
with the operative sway thus oppositely exercised. The same 
may be asserted as regards the different kinds of uiipreguation. 
Farther, the ndnd acts on the muscle indirectly, through the 
medium of the operation of the brain and nerves, whose weak, 
soft, fibres stir up the muscles to i-eact so immediately, so 
mightily, that its fibres shoi-ten and become liard without any 
preparatory oscillation, and they acquire all at onoe such an 
elasticity, that they become capable, according to Magendie, 
of vibrating or producing aoonilB. 

(i.) Collision (from Uollido, I strike against). — According to 
the theory of the schools, as before quoted, the first effect of 
the colhding of two elastic balls — as those made of ivory, is to 
produce a momentary union of the two spheres, and to com- 
press and fiatten the impinging surfaces. The next is the 
effort of the bodies iu question to recover their figure or shape, 
and when the elasticity is perfect (as is here supposed to be) 
the compressed surfaces are restored by reaction, with au 
energy exactly equal to that by which they were displaced. 
This restoring ability, produced by the elasticity, is called the 

u2 
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reaoil, audits operation is to doubie precisely tlie eftect thafl 
would be produced if the bodies were non-elastic. In answer 
to this statement, I would remark that I have often seen two 
billiard balls in motion meet each other, and both come to a 
dead standstill ; now if the above theory was correct, this 
sequence could not have ensued. It has often been noticed, 
that when two balls are stopped in this way, there always 
ensues — as before noticed— a particular slir ill sound, showing 
that the motion was arrested through electric action, and the 
sharp detonation heard denoted that the two moving energies 
were expended in developing or caJling forth sound. In fact 
during the perciission of any two bodies, more or less of the 
vigour of motion is expended in producing or waking up sound, 
(j.) The creation of motion by attraction is accompanied hf/ 
the development of an adverse moticUy. — If a magnetic and non- 
magnetic needle be placed in water, not only will the magnetic 
instrument move towards the other, but the opposite needle 
will tend towards the magnetic one. It appears then that 
opposite motions are to be considered as contraiy effects : and 
if applied to the same body, we know that they vrill destroy 
one another. If the magnetic and non-magnetic needles be of 
equal mass, they will at the end of any time have equal and 
contrary velocities, but if the magnetic needle be double the 
size of the other, it will in the same time acquire only half the 
velocity. In fact action and reaction will be found equal and 
contrary. We have not learnt the meaning of the word action, 
ao long as we think only of velocity, and not of quantity of 
matter in winch velocity ia created. A cause of motion once 
existing, and which was entirely expended in giving a velocity 
of 100 feet per second to a ball of two pounds weight would 
have given 200 feet per second to a sphere of one pound 
weight. Hence it is momentum, which is the measure of the 
action of matter upon matter, and the definite enunciation of 
the third law is as follows : — " Whenever any matter gains 
momentum in one direction, other matter either loses so much 
moDientnm in that direction, or gives as much in the contrary 
direction." Action then is creation or destruction of momen- 
tum ; the destruction of monientmn in one direction, and its 
reaction in the contrary direction are equivalent effects. It is 
said that on walking forwards upon the earth, which friction 
enables ns to do, our feet obviously act upon it; and whatever 
momentiim is communicated to ourselves, the same is lost to 
the earth, or gained in the opposite direction, and the same 
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may be saiil of a person who jumpH iipwavilB.-— Penny Cyulo- 
paidia, v. 15, p. 453. 

(A. I If we fasten a stt-ing to a post, ami pull with an energy 
of 100 pounds, iL may not at first appear that the post also 
palls the atriug, because we may not be abla to conceive the 
lattev acting, but only resisting. Nevertheless, the part which 
the post austaiiiB, call it action or resistance, is still the equi- 
valent of an energy, for if it were removed, and auotlier 
person's hand apphed to the other end of the string, t}iftt hand 
must also pull against the first operator with an ability of a 
hundred weight before the counteraction of the moving ten- 
dency of the first pressure ia 8uppli«d. 

[t.) Furthsr illustrations of action ami reaction. — If a moving 
body strike an impediment, the eiiorg)' of the impact, and the 
resistanee of the impediment, are equal. Tims, if a ball is 
thrown against tlie side of a house with an acting energy of 
three, the house resists it with an equal ability, and the ball 
rebounds. If it be throwni against a pane of glass with the 
Bame enei^, the glass having only the ability of two to resist, 
the bail will go through the vnndow, still retaining one-third 
of its reeedved enei^. 

{m.) Eiurfjeiic action ami tlu reslxtamt to it aire eqjuiL — 
Tlius, when & moving body strikes one that is at rest, the 
stationaiy body returns the blow with equal ability. Tlris is 
illuatrated by the fact that if two persons strike their heads 
together, one being in motion and the otlior at rest, they are 
both equally hurt. 

.1 Action and reaction may be further illustrated by a 
number of ivory balls suspended by threads so as to touch 
each other. 

If the ball A taee diagram) be drawn 
from the perpendicular, and then loft to fall 
so as to strike the one next to it, the motion 
of the falling sphere will be comnimdcated 
through the whole series from one to the 
the balls, except F, will, however, appear to move. This 
may be understood when we consider that the reaction of B ia 
just equal to the action of A, and that each of tiiu other 
balls, in Uke manner, acts and reacts on the other, until the . 
motion of A arrives at F, which having no impediment, 

nothing to act upon, is itself put in luotion. It is, there- 
fore, reaction which causes all the balls except F to remain at 
Ctiitt. 
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(o.) The above result is produced from an electrical action, 
for if the ball A became indented, as proposed by authors as 
the esplauation of the property of elastmity, the sphere A ought 
to have rebounded ; but being an electric operation, the fluid, or 
its effects, was transmitted through the chain of balls by means 
of the innate magnetism, or electricity of composition resident 
in each, and displayed its energy on the sphere F, which, of 
course, was propelled outwards. 

(p.) It is by a process of action and reaction that rocl 
are impelled through the atmosphere. The stream of expani 
air, or the fire wliich is emitted from the lower end of 
rocket, not only pushes against the rocket itself, but against 
the atmosphere, which reacting against the aii- so espaaded, 
sends the rocket along. — Dr. Comstock. 

We must here also take into account the thermo-electric 
energy that propels the rocket forward. 

{q.) Polarity, or actum a-nd reaction. — We meet with this in 
every part of Natture. 

"Thus, we have darkness and light, heat and cold, the ebb 
and flow of water, male and female, inspiration and expiration, 
in the contraction and dilitation of the heart, in the undula- 
tions of fluids, and of sound, in the centrifugal and centripetal 
gravity, in electricity, galvanism, and chemical affinity. 
Superinduce magnetism at one end of a needle, the opposite 
magnetism takes place at the other end. If the south attracts, 
the north repels. To empty here, you must condense there. 
An inevitable dualism besets Nature, so that each thing is a 
half, and suggests another to make it whole." — Bmeraoo, 
p. 75. 
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403. Before entering upon this diaquiaition toucliing Resist- 
ance, I would ask, what tliis quality appertaining to the 
material world is ? 

Under what circumstances does this property vary, and 
and what are the agents through which its being is de- 
veloped ? Whilst annotating on this capacity of matter, I 
ahall endeavour to answer the above introductory questions. 

(«.) Resistance has generally baeit interpreted " aa a /orce 
acting in opposition to another force, so as to destroy or 
diminish its effects." 

(b.) This definition does not aasiat ua the least in uuder- 
. standing, or rather fee liuf^, what the property, termed iome. 
is ; tor this word, like its associate power, images to the senses 
nothing, and as at present employed, serves biit as a mere term 
to hide our comprehension of the character of this endowmeut 
of matter: since we find the explanation of these words (with 
I many others^ summed up finally, as the that which produces 
many natural phenomena, and especially opposes, or changes, 
motion. 

Now, as the foregoing appellations fail to interpret in the 
slighteHt degree any of the attributes of Nature, I shall resort 
to a few simple processes, whereby to assist in construing 
to the reader some of my impressions regarding these abilities 
commonly termed force or power. 

(c.) The resistance which certain bodies offer from their 
inertia (inactivity) to the efforts made use of, to remove them 
when at what has been designated rest, from particular 
localities, will be found to vary considerably : 1st. Where they 
differ in composition, aa whether organic or inorganic, metallic 
or otherwise. 2nd. Opposition to horizontal displacement 
is modified, by form, as regards their being round, angular, 
spherical, or flat. 3rd, Situation makes a difference in the 
facility of transference from one place to another ; as when 
moved over smooth or iourIi siivfaces, ov acroBs localities that 
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deviate in attractive qualit' 
Uitpediments. 

4th. Time alters the fimount of antagonism to displacement, 
aa where substances have been lying iu some locality for a 
lengthened periotl, or only recently deposited. The former 
circumstance, as regards time, is especially recognised in the 
arrangement of the molecules of substances during aggregatii 
EelativB to suspended bodies, their resistance to motion 
diversified very materially by the mode or direction in wl 
the stress is applied. 

(d.) If a cube weighing 100 pounds be placed on a 
surface, it will be found that w« must exert an energy equal 
to that quantity in lifting it from the ground, or pushing it 
directly upwards when suspended, but an effort applied ade- 
quate to 60 pounds is the equivalent to remove the same body 
from its situation (when recently deposited) if the pressure or 
pulling be exercised so aa to bear in the horizontal range. If 
we employ a globe of the game weight, instead of a cube, it 
will require a like measure of energy to elevate it ; but an 
applied ability, considerably under 60 pounds, will cause the 
point on which the sphere rests, to sKde over the smooth. 
surface that may give it support. Further, it is found that 
magnet will dravF a much larger piece of soft iron over 
given surface than it can lift upwards from the ground. 

(e.) On suspending a body of a like weight to the above, it 
is noticed that an effort, only equalUng a pressure of a few 
oimces, if apphed laterally, will suffice to push with 
or pull by means of an attached string, the object in qnestioQi 
from its perpendicular position. This latter result is also pr 
duced, in a measure, from perciission, as vritnessed on letl 
a smalJ substance fall against the hanging body. This motoi 
result, after impaction, does not ensue immediately, as all 
inanimate bodies acted upon by collision rest a time before 
the commencement of the rebound. 

(/.) Action and Tcactkiii are ahva/ix equal a/ul crcrted 
o;pposile lUrectiofis. — I shall familiarise this axiom by a fei 
simple experiments. Most persons, whilst pulling towi 
or pushing from them, a firmly-fixed post, would suppose 
the stationarj' object remained passive, and that they aloQs] 
were acting, but practice and reflection teach us that such iSi 
not the case. The post in question, and its attachments, upon 
wMcli the essay is being made, will be found to offer an equal 
amount of antagonism to that of the espermienter's cfioirts. 
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The first hinrlrauce resisting the exertion of the operator will 
be the weight of the post, the second source of the couiiter- 
action takes place from tlie grcumd, itc, into which the piece 
of wood is inserted. Perhaps a living test will assist more 
readily in displaying our proposition. TliUB, if the person 
dng for information asks aoine one to present liis hand, 
with which to adopt the same procedure as appHed to the post, 
he will directly be made aware that liia companion must 
employ an exertion of pulling or pushing equal to tliat formerly 
made use of in relation to the post, but in an opposite 
direction ; and if his companion does, or cannot, call forth au 
equal antagonistic effort to his owu, then liis comrade's body 
must either advance or recede, according to the direction of 
the applied stress, in order to oquaJise the struggle between 
them. Thus we perceive that all that portion of the strength 
put forth, whicli was not resisted, becomes expended in creating 
motion in the opponent's person. 

(y.) It is not always recognised by the unreflective that if 
we strike a substance with the cloaed hand, it will retiurn the 
blow to an amount exactly equal to the sum of the apphcation ; 
lience the pain, or injury, if the feat be exercised with a certain 
energy, we suffer ti'om the effects of the reaction, or backward 
stroke. This reactive result is likewise illustrated where an 
individual strikes his head against another person's, the one 
being in motion, the other at rest, both are equally hurt. The 
effect, of course, becomes doubled if both their heads are in 
equal motion at the same time in opposite directions. 

(h.) Further illustrations of the qiiality of resistance. — If 
we place two balls on a level plane, at a given distance from 
each other, the one weighing 10 and the other 100 pounds, 
and strike with a mallet, or rod, the smaller of the two spheres, 
with an effort equal to 30 ponnds, it might be supposed because 
the minor globe at the moment of receiving the impact fi-om 
the mallet or rod, condenses by reaction a certain portion of 
the applied energy, that upon its contact with the larger body, 
the impress of the concussion would only be equal to 20 
pounds ; but this is not the case, for the back stroke of the 
smaller ball towards tho m.allet is generally expended in 
generating or calling into action heat, electricity and sound ; 
besides, the mallet returns again any portion of the energy 
given back, wiiich is not employed in forming or hberating 
heat, (tc, and before another reactive effort can take place, 
from the lesser sphere, iu tho direction of the mallet, thu 
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■mailer body will liave moved onwards, Btrikiiif; the Iwf 
Elobe, with nearly tlie impulsive vigour of the 20 pmiud blow 
it originally received, to vphich 20 pounds must be added 
its own weight, or rather that quantity it was capable of 
resisting before being set iu motion by the giveu impetus. The 
rebound which takes place after the impact of the minor with 
the major hall, proceeds from the former having received back 
by reaction from the latter, an energy equal to 20 pounds : 
than its own gravity conld nvereotne. 

(i.) I would here ask, whence spring the causes of 
action and reaction of the spheres in question, the one n| 
the other, and how are the effects which we witness developed 
Now it may be preamned that the re-percussion, or reflected 
energy received by the minor sphere, after the collision of the 
globes, is equal to 30 pounds : but 10 of this 30 ponnds 
refluent abUity can only belong to the reaction necessary 
(or the overcuuiuig of the minor ball's weight. It follows then, 
that the reinaiuiiig 20 pounds stress appertaining to the back 
stroke, must emanate from something not immediately 
evident, and I suggest that the superabundant ability brought 
into operation, was the result of, first, the eleclro-magneti 
energy exercised by the person dealing the blow, and seconi" 
the action and i-eaclion of the thus ai-oused innate electric 
of composition, appertaining to the ball struck by the malli 
both of which effects wore delivered during impact lo ths 
greater sphere, waking up in t)ie latter its own inborn electri- 
city, the action and reaction of which became reflected back 
into or upon the lesser ball causing its rebound. (See 
" Motion.") 

In the foregoing experiment, it may be discerned, that if 
smaller strikes the larger sphere opposite to its centre, t&e 
latter will in appearance be affected but little beyond slight 
oscillation, but if a Melloni'sbatterybe appUed to the surfaces 
where contact ensued, it would demonstrate that a certain 
degree of heat was evolved, showing that a portion of the 
resistance exerted in overcomiog the weight ami motion, was 
expended in rousing into operation the innate heat aud static 
electricity belonging to the opposed bodies, and the other 
measure of resistance, not so exercised, caused the balls to act 
and react on each other. 

(j.) We will now arrange the spheres as before, and again 
Strike the 10 pound b&U with an energ>- equal to 95 pounds, 
L'Aiiftn^* il a second time to come in cuntact with the 
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pound i^lobe ; "and uow we observe (though employing the 
same amoimt of matter as ou the previnns ocicftsion) a difference 
in the 8BC|uenee. The heavier ball after cououssiou, instead of 
oscillating, will now move forwa-rda in the direction of the 
applied impetus, by reason that the large sphere cannot 
condense, by reaction, the a,nionnt of vigonr applied 
by the impulsion aod weight of the minor ball, which latter, 
after delivering to the greater sphere an energy equal to the 
overcoming of its inertia, thereby setting it in motion, is seen 
to follow in the same track, and so they will proceed 
until both expand their momenta, which ia effected by 
delivering nue part to the eartli, and transmuting— so to 
apeak — another portion of their motivity, by means of friction, 
Ac., into heat and electrical excitement. 

404. It has been generally stated by j.:, i i k, 

■ authors concerning certain pendent ^■'"'^ ^^ 

bodies, "that if we suspend from a rod A J**** E 
asetofhalls by threads |see diagram) ABCDE 

in such manner that they sball touch each other, 
and then draw out the ball A as far as A' it will be 
found on letting it faU against B, that after a moment's 
pause, the sphere E at the other end of the lianging series, will 
be driven out to E', or a distance equal to the removal of A to 
A.', aad that on the return swing of E' back again to E, this 
impact will send A again out to A'. In this manner the balls 
A and E will — pendulmu-like — vihrate without B, C, D, being 
in any way displaced, and this effect wQl ensue through any 
number of pendent spheres." 

(a.) On testing hy experiment, it will be found that there 
are certain errors in this statement, but it is a habit among 
writers, when compitiug books, dedicated to science, to copy 
the manuals before them, without trying for themselves the 
facts therein reported, and henee arise the many mistakes 
found iu publications treating on natural philosophy. 

(b.) It will be experienced by persons seeking the proof of 
the foregoing statements, that if they employ only three baits 
instead of a greater nmnber, that the sphere A' after the 
return descent of E' will not describe so large a portion of 
an arc, as the ball A' first drawn out for the purpose of 
ehowing the experiment, in fa^t as we increase the number 
of spheres, the flying out of A after repercuasiou is lessened. 

(c) It is asserted, that the central balls 13, C, D, of the 
diagram, arc not displaced by the percussion of A' and VV; but 
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it will be fouiid whilst experimenbing, that the' whol« of the I 
spheres are moved, aud thia even if the ball employed to make ] 
the essay with be otity l-20th the weight of one of the spheres j 
laakjng up the chain. This result follows through a very long J 
row of balls, whose combined weight may exceed a thousand- 
fold tliat of the smaller sphere employed to demonstrate the 1 
issue. 

405. Effects vwrn according to change of circwmatances. Thus 
altering results ensue, in relation to the shape of the bodies 
employed to demonstrate certain issues. Further, the com- 
position of the substances made use of, vaty the sei^nents after 
impaction, as do their iwvestimnts. 

(a.) On employing square, instead of spherical bodies, 
our operations, it will be found that the cube E will not, by. i 
the falliug of A' agahist the aeries, be thrown out from its p 
tion, but the whole chain is seen to oscillate from side to side, 
which effect is much lessened, if the cubes — when made of J 
wood — are arranged across their grain. 

{b.) If we hang at each end of thz'ee suspended solid wooden J 
squarea, of like diameter, a ball equalUng in weight one ofj 
these cubes, and then proceed as before, the results will altee j 
as compared with the experiment (a). 

The same oscillation from right to left of the cubes. succeeddH 
thia change of appliance ; but the sphere E now only departs 
very shghtly from the square against which it hung, and the 
ball A that was drawn from the perpendicular to make the 
essay with, remains nearly in tlie situation, where its motion 
was arrested by impact with the pendent cube B. 

(c.) If the ball E — of the above ari'augement of spheres and J 
cubes — be covered with a bad conductor of electricity, as India-- J 
rubber or thick woollen cloth; on causing one of the squares 3 
at the opposite extremity of the chain to fall against its fellow, j 
the encased ball E will be driven out furtlier tliaii when i 
unclothed state ; but it a naked sphere be substituted for Iboil 
cube employed to make the first impact with, the Hying out otM 
the covered ball E, is increased. Again, if the two spheres ( 
either end of the chain be encased, then the ball E will be still 
further driven out, but the sphere A in place if rei 
stationary, rebounds shghtly aftei' impact with the a 
squares. 

By the employment of cubea, the excited innate, eleetrioitrj 
(supposing this fluid to be the agent of the phenomena) broughn 
into action by the motion and collision, may he disdioi'^el 



fi-oiii theu' pointed angles, besides the eflect of the percussion 
is diffused over a large surface, iuatead of being concentrated 
on the point opposite tbe centre of gravity, and thus tlie inten- 
sity of the escited electricity becomes enfeebled, by reason 
that a. thousand parts comparatively speaking, of the square's 
superficies, receives ajid gives back the energy from the im- 
I pact, whereas with the sphere, the whole resistance is brought 
to bear upon a very circumscribed spot. 

((f.) If the chain of wooden or ivory bails be suspended by 
white silk threads, and A alone be covered with thick cloth, or 
india-rubber, on letting it fall after removal against tbe atrhig 
of spheres, now the ball E wOl not be driven out, but is seen 
to oscillate with the rest of the chain, whilst A is observed to 
rebound after impact. If however we cover B and A with 
thick cloth, then E flies out and A rebounds after its collision 
against B, 

(e.) Wlieji the whole chain is covered vrith india-rubber or 
thick cloth, and we proceed as before, now E is ejected h-oui 
the line of spheres and A rebounds after its fall against B. In 
fact all the balls separate from each other, only those in the 
centre to a much slighter degree as compared with the spheres 
at each end of the chain. If for the covered ball A we sub- 
stitute a ball of ahel-lac, now E is more effectually ejected 
from the series of spheres. 

(/.) If we employ five balls, allowing B, C, D, to be made of 
ivory and A and E of shel-lac, then E after the impact of A 
against the chain, will be driven out to a greater extent than 
where aU the spheres are composed of bone. Now the shel- 
lac sphere A unlike the one made of ivory, instead of resting 
after its fall agahist B, rebounds, and the intermediate balls 
between A and E also behave differently to what they do, 
when struck by ivory, for tliey theu osciUate as well as sepw- 
ate from each other, only their separation is in a much minor 
degree as compared to the two terminal shel-lac spheres. 
This effect is especially enhanced if we excite by friction, with 
silk or woollen fabrics the two extreme shel-iac balls. By 
diminisliing up to a certain degi-ee, the distance of the drawing 
out of A fi-om the perpendicular to let it fall through its dimi- 
nutive arc, so will tlie increase of the rapidity of the actions 
and reactions be enhanced between each sphere. Now it is 
found that if we moisten tlie balls before proceeding to experi- 
ment — thus rendering them better conductors of electricity— 
tlien the flying out and rebounding of the spheres is mocii 
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leBseued, and if the balls be made very wet, the action and | 
reaction are almost nil. 

((/.) In the foregoing esperimeats, a great difference in the 
mode of action and reaction ensues among the spheres, accord- 
ingly as they are struck in the centre, as regards the even lino : 
of their suspension or otherwise. Composition alters tha 
operation of the one on the other, as does the condition oi- 
being at relative rest or in motion. An increase in the number 
of balls or solid cubes, likewise modifies the effects produced, 
as will the intennixing of them when of vai-ious sizes. In fact 
the results vary with each change adopted. Again, the action 
of bodies becomes diversified, accordingly aa they are suB- ' 
pended by conductors of electricity, as by means of metal^ 
threads, or non-conductors, as when hung by white silk cords, 
Had metallic— especially leaden spheres, been employed in the 
place of ivory or wooden balls in the above experiments, none 
of the foregoing phenomena could have ensued, by reason of 
their being good conductors of electricity, and the sphere ~ 
would have remained stationary, the chain merely oscillati 
from side to side, 

(ft.) It was demonstrated in the essay on " Elasticity" that! 
is not from indentations and springing out again of the sub^ 
stance, or the passing from the spherical into the ovoid form"^ 
that the ball E flies out after the impaction of A' against tl 
chain of sphei-nles, because the thick cloth or india-rubl 
sheathing would effectually prevent this sequent, as wei! 
sonorous vibrations of the balls. Besides when ivory comes iB' 
contact with ivory, as is the case with uncovered spheres, the 
falling globose body A' hes quiet, after impact against the chain 
of spherules. Now if the surface of the ball A' had been de- 
pressed and then flirted out again, constituting the eo-ci 
elastic ability, this sphere after its descent ought to have 
bounded from the ball A against which it impinged, and not 
have observed a passive state. Further, the greater the 
of impact — which ought to inci'case this said elasticity — the 
more steady the sphere A lies against the chain of balls, and 
especially is this a sequent, when a sharp sound is produced 
by the percussion. In this case the action is like that of the 
two billiard-balls, which has been such a celebrated difBcnlty 
for authors to explain on the supposed laws of elasticity — 
where if the colhsion is of a gentle character, the ball after im- 
pact, moves onwards, following the one it came in contact 
with ; but if the sphere struck by the cue be driven with great 
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energy — so as to produce a jarring report after impinging on 
its opponent, it will remain at rest, or spin on its axis. The 
Bhrill sound evolvad, would point out, that a portion of static 
or innate electricity, was thrown into vivid excitement, and 
discharged into the air. thus waking up or being transmuted 
into sound, like that produced by a wliip where motion ternu- 
nates in producing an electric smacking noise. Ail sounds 
must be preceded by some kind of motivity, and each body in 
motion must give rise to electrical phenomena, 

(*.) The causes of the different results witnessed during the 
foregoing experiments, will be more readily conceived I think 
by attributing them to the agency of electricity, combined with 
the conducting capability of this fluid by the bodies employed 
to exhibit the phenomena ; for it would appear that aa the 
capacity among substances, of conveying electricity lessens, so 
will their rebounding energies be increased, 

(j.) If an excited electric — that is a non-conductor of 
electricity — as a ball made of shel-lac, be struck or rubbed 
with a piece of silk or flannel, so as to rouse into action its 
innate electricity or that appertaining to its compositiou, you 
can, on touching it, only discharge just the point where con- 
tact took place, but if we employ a non-electric, or a good con- 
ductor of electricity- — such as a metallic sphere, and charge 
this (when suspended by a piece of white silk thread or 
placing it on a glass stand) with electricity, either directly from 
an electrical machine or by friction of its surface, through 
means of a clean silk handkerchief, then on touching this nwi- 
eUctric with a conductor, you can discharge the whole of its 
surface electricity. But if this electricaUy charged ball be 
touched by an electric, 8\ich as a sphere of sealing wax or a 
ball covered with thick woollen cloth or caoutchouc, you then 
can only take away a small cii-cumacrjbed portion of tlie sur- 
face electricity from the charged metalhc globe, by reason that 
the electricity in (juestion cannot spread over the electric or 
ahel-lac sphere. Thus we can only charge a mere point, or 
just the spot of the wax or cloth-covered ball that was placed 
in contact with the charged metallic sphere. (See article 
" Elasticity.") 

(406.) Robins' BoUstic (relating to projectile engines) Pen- 
dulum must have been a fertile source of error, as regards the 
exact measurement of the energy or velocity with which dis- 
charged balls, Ac , would strike it, especially if they hod been 
constructed of different materials. 



iron plate now becomes the injured body, and the bullet, 
instead of being sbattered,— thougb conaisting of soft metal- 
passes easily through the depending target, and the ball ii 
examined will scarcely be altered in form, like the tallow 
caudle, which if discharged from a gun, is seen to readily^ 
ponneate the open door, or a piece of srispended board, I 

As regards the projected bullet, this, though only weighing^ 
2 ounces is enabled after its propulsion from therifie, to strike the 
target in question,' with an energy- as before suggested — equal 
to a pressure say of 300 pouiidg, but it, the target, not being 
able (especially the spot where the stress was applied) to 
resist more than its own weight, 25 pounds, of course its surface 
gave way, whilst the pendent-butt, aa a whole, scarcely 
vibrates from the shock. The perforation thus made in 
tlie target will be found as clean round its edges, as if cut 
out with a stamp, as is the ease when a bullet passes 
through a window-pane. This piercing of the iron plate 
partly depends upon the principle, that when a large body is 
violently struck by a smaller substance, a period must elapse 
before the effect from the percussion can be communicated 
thi-oughout the particles of the greater mass, and thus before 
the resisting efforts can spread^eveii to the portions situated 
around the point receiving the blow, the ball will have made 
an aperture through the hung target. 

(c.) Further relative to resistive action and reaction. 

The astonishing effect produced by the discharged bul 
upon the pendent iron target, may be further illustrated byob^ 
serving how much more readily and effectually we can drive m 
nail or wedge into a suspended cyhnder of wood, than into thq 
same, when lying on the ground. The dimensions of the su9-' 
pended piece of timber (the larger it is the more effective the 
result) should be comprised in its length, so as to have the re- 
sistance exerted chiefly in a direct Ime. The sequent ol the 
appliance will also he enhanced, if we employ a hammer-head, 
whose size may lie in its longitude rather than in its width. 
It has not been generally recognised by our artificers, in con- 
structing this most effective of all manual tools, that its prin- 
cipal operative capabilities lie in the length of the head and 
handle, rather than in its magnitude ; so that its chjei mass 

t shall be brought to act in a direct line with the nail or wedge, 

which nail and wedge should be struck with the centre of the 
hammer-head. By attending to these circumstances, we should 
scarcely if ever turn the nail (its head being properly sbaped}^^J^ 
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frequently done especially by persons unacqua-inted with 
the use of this instruiceiit. In driviog a nail into a stick of 
timber, we find the former ia acted upon at both its extremities. 
First through its head from the action of the hammer, secondly 
at its point by the reaction or back stroke bestowed by the 
piece of wood. Here the motion of the hammer — combined 
with the animal electro -magnetism of the driver — gives rise to 
a stream of positive electricity, which rushes through the nail 
into the piece of timber, and the latter returns an equal quantity 
of negative i r oppoaite electricity, which ia received by the 
hammer and dehvered to the person using it. 

Thus action and reaction may be here compared with the 
operation of the two opposite states of the electric fluid, and 
as we can never demonstrate the one without developing the 
action of the other — both always taking equal and antagonistic 
bearings^ there must be of course an interchange of the fluids, 
botli passing in opposite directions. 
I (rf.) The source of all the foregoing phenomena as regards 
firearm -projectiles, would appear to be from electrical agency. 
Thns, we may readily suppose that the flying bullet has had 
— through the operation of the powder — its innate electricity 
of composition araused into intense activity, which combined 
■with the motion of the projectile, and its disengagement from 
the earth's attraction (see article "Motion,") enables it to pierce 
I the hanging target, as the spark from the Leyden-phial does 
I'the book or plate of glass. But with regaid to the sheet of 
'iron under discussion, whilst it is lying against its support — 
though it ia the same circumscribed spot that is struck — the 
positive electricity carried in and upon the bullet, is of conrse 
conducted by means of the target into the wall or bank against 
which it rests, whilst the equally intense negative electric 
fluid, emanating from the earth — conpled with its reactive con- 
trol — operates on the leaden ball, and thus splits it into pieces, 
and as regards the motivity of the bullet, that would appear to 
,be spent in developing heat, Ught, and sound, &o. 

(e.) Selative to iiidiuidrials that have been killed by the pos- 
tage too near theni, of tlie cannon ball. — This result has 
generally been attributed to the rapid propulsion of theroaring 
air that surrounds the projectile during its fliglit. But, it 
.abould be remembered, that the atmosphere the shot is passing 
tbroagh, is pierced by the rotating ball, like the gimlet boring 
'A piece of wood, And again, it is the air in front of the pro- 
lectile that is chiefly acted upon, and not the adjacent element 
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amToundiiig it. This accideat would appear to ensue eithi 
from the electrical escitemeiit ael up in the attcosphere through 
which the ball is pursuiug its course, or from the electricity 
carried in and upon the projectile, which acting like a. flash 
lightning kills the individual, 

(/.) It may be asked, after what nianner the ball 
only 2 ounces is enabled to strike the target with an impi 
equivalent to 300 pounds. Some persons may exclaim that 
the effect is produced by the explosive energy, meaning the 
sudden expansion ensuing from the powder passing into a 
gaseous state ; which considered in a mechanical sense, may 
in a measm-e appear feasible, because it can be likened perhaps 
to the reacting impetus that the bow-string gives the bolt, 
when discharged from its fastening. But there is another 
xmrecognised reason I conceive, which is the chief cause of the 
phenomena under discussion. It should be remembered, that 
it Is not a sohd which acta on the bali, but a gas, light as air, 
produced from the bumiug of a little gunpowder, that if set 
fire to in the open atmosphere, would only have yielded- 
regards sound — a mere puff, and the energy created could 
scarcely by its action have elevated a piece of paper from 
ground. 

(g.) If the resulting sequence in question had been ehii 
accompUshed by the ignition of the ingredients employed, 
larger the quantity made use of, the greater would have been 
the ability displayed. But, we find in tactics, that the more 
powder there is employed, beyond a given measure, the less is 
the explosive energy obtoinad by its action, and not only is the 
flight of the projectile diminished, but its effects on the 
opposing object (though near the gun, as in sea engagements) 
is lessened. Besides, the ball's course ia more apt to deviate 
from a right line. These facts are well known now, though 
they were not by our forefathers, who expended a vast amoucl 
of powder (thinking the mora they used the greater would be 
the sequence) to no purpose, except that of failing greatly in 
the object they had in view. It may be here mentioned, that 
in olden times, during sea-fights, a large portion of the powder 
placed in the cannon fell into the sea unexploded. 

(&.) Might not the phenomena relating to the subject before 
ns, be more approximately attributed to a series of actions 
reactions taking place between the burning particles of 
powder, the ball and the fire-arm ? (See article " Uotion. 
JPor instance, when gunpowder is employed as an explf 
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agent, tlio graniiltis ate known to be igiiitod in succession, or 
one after the other, so that a certain time would appear to be 
necessary, in order to allow the creation of a definite energy. 
This economy is often demouatrated, where the gun " hauga 
fire " — as it is expressed, for in these cases, the ball or charge 
is found to leave the destructive instrument with greater energy 
and to travel further and truer from this occurrence having 
taken place. 

Another fact teaching us that a given period is desirable in 
order to be more exact and operative, was shown, where the 
French employed detonating ingredients to effect their purpose, 
which gave rise to the saying, that " the ball went any and 
everywhere" and was found always to fall short of the dis- 
tance accomphshod, when employing gunpowder. Gun-cotton 
and nitro-glycerine are not by any means so steady and true 
in their operations as the old powder granules. 

(t.) The pohshing by attrition of the grains of gunpowder 
gives it a distinct quality, whereby heat and especially tiie 
electrical residts, are more quickly escited into action during 
combustion. Besides, so treated, it is always found to be much 
I more readily effective— as regards fire-arms— in its operation, 
and it is hkewise noticed that a smaller proportion will suffice 
from this usage of the gi-auules. 

(j.) Gunpowder when employed for artillery pm'poses, 
must be in a loose state, in order to aUow of the presence of 
sufficient air, for the purpose of the formation of combustive 
heat, winch caloric — when confined— gives rise to those trans- 
mutations, so necessary to electrical excitements, and these 
latter would appear to generate the energy, that is to drive out 
the projectile, and gives it mostly the destructive ability dis- 
played, when meeting with opposing objects. Unless this ck- 
cumstance, of allowing sufficient air to be present, is attended 
to— as regards gunpowder- we shaU fall short of the desired 
object, as experienced when the grains of powder ai'e rammed 
down too tightly, for in this case, the fhght of the ball becomes 
less vehemunt and does not pursue so steady a courso. It is 
known, that when guns are loaded at the breech, if a small 
chamber be made behind the cartridge next the powder, so as 
to supply it with sufficient room for the ah- to act on the 
granules, the energetic effect is surprisingly enhanced. This 
must be attended to when blasting rocks with g\inpowder, 
which should be loosely deposited in the cavity made for its 
reception. It may be here noticed, that tine glazed powder is 
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not SO efiective iu loosening blocks of stooe from the rock 
during its combustion, by reason of its action being too quick, 
thus not allowing tune for the innate electricity or pyrogen of 
composition, appertaining to the surrounding masaea, to be 
brought by reaction, into a sufficient state of excitemant ; there- 
fore the quarry men employ coarse gunpowder for this opera- 
tion, besides there is more room for air or free osygen among 
the granules. 

Farther, from the circumstance of the rock-powder being 
coarse in the grain and rough and unpolished on its surface, it 
becomes a. worse conductor of beat and electricity. This is 
another cause retarding the action of this kind of gunpowder. 

(k.) As regards gun-cotton and nitro-glycerina. — These sub- 
stances have more pyrogen or the electricity of composition 
situated among their constituents than any other conbustibles 
we are acquainted with, hence their extraordinary rapid. and 
effective operation and destructive capabOity of acting, almost 
without the presence of air. The imponderable principle of 
pyrogen, though diffused more or less throughout all bodies, 
cannot at present be demonstrated as a sejiarate element, by 
any chemical abiUties known to us. 

(1.) Tremendous effects of the explosive action of gwi-coti 
amA nitro-gh/cerine. 

A mass of gunpowder confined with a certain portion of gun- 
cotton is said to exert an explosive energy fom- tunes greater 
than that developed by the ignition of the gunpowder in the 
ordinary manner. A palisade, constructed by sinking 4 feet 
into the ground trunks of trees 18 inches in diameter, was 
completely destroyed at Stowmarket, by the explosion of 15 
pounds of gun-cotton. Huge logs were sent bounding 
field to great distances, and some of the trees were literally 
duced to match-wood. This explosive material was aim] 
laid on the ground. The destructive abihty of nitro-glycei 
is even greater than that of gun-cotton. A tin canister con- 
taining only a few ounces of nitro-glycerine, was placed, with- 
out being conlined, on the top of a smooth boulder-stone of 
several tons weight. This material was then exploded by a fusee 
containing fulminating powder, which was fired by electricity. 
The stone was thereby reduced into a thousand fragments. 
This experiment shows the advantage of nitro-glycerine over 
gunpowder as a blasting material, being ten times greater than 
that of powder and six times that of gun-cotton. A charge of 
gunpowder inserted into a vertical hole tends to force out a 
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corneal luftaa, the apex being dowuwarilB. Witli iiitro-gly- 
cerine and guu-cottoc, an able rending action is exerted below 
as well as above the charge. Thesao latter materiak need not 
be like gunpowder confined, but only dropped into the drill- 
hole. 

(to.) The striking down ability of gun-cotton and nitro- 
glycerine, ahowa that this result ensues from electrical action 
and reaction. The pyrogen, which forms one of the chief eon- 
stitnents of these materials, becomes liberated, and during the 
action of its explosive energies, it rouses into operation the 
static electricity of oompoaition, present in the bodies that 
the explosives are acting upon, and hy catalytic (action by pre- 
sence} reaction, frees itself from its combination with ponder- 
able matter, and is thus enabled to exercise its dynamic 
abilities, and thus came about the destructive results witnessed. 

(n.) Touching the fact that gu7i-])roi)elled balls carry an enor- 
mous amount of electricity in and npon them, it was observed,' 
as regards projectiles discharged by means of condensed electric 
steam, that there was always a flash of hght given forth, after 
the impact of each bullet against the target that arrested their 
course. Tliis flash is produced from the liberation of the 
electric fluids which accompanies the projectile. 

It is the electricity resident in condensed steam that draws 
or works the engines employed for mechanical operations. 
(See article "Motion.") 

(o.) "When trying the effects of Sir J. Whitworth's projectiles 
on the aides of the floating iron clad batteries, there was con- 
stantly observed an extensive bright blaze of Ught emitted at 
the instant of impact of each ball or bolt against the iron plates. 
I may here point out, that had these ^oatiiij batteries— and 
especially their plates —been deposited (like the iron target in 
the experiment b) against a large rock, the ball or bolt in- 
stead of piercing them, would have rebounded or been split in 
pieces ; from the fact of the rock as well as the plates resisting 
by reaction the motive ability of the projectile. 

(p.) In sunmiing up I may state, that pyrogen or electricity, 
with magnetism, heat, &e., control all natural and mechanical 
operations, however insignificant or mighty, circumscribed or 
vastly extended they may be. 

I must therefore presume that it is acting and reacting 
electricity, whicli is operating in and armmd the projectile 
before it leaves the gun, attends its course through the atmos- 
phere, and presides over its terminal efl'ecta. 
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It should not be forgotten, that the same intense energy, 
produced, by the combustion of the gunpowder, acts on the 
ball as well as the gun. It is the resistance to this energy 
that causes the recoil of the latter, and its weight and thick- 
ness enables it to withstand, what has been called the explosive 
ability, but the projectile, from its diminutive size and detach- 
ment, is incapable of offering opposition to the applied energy, 
hence its flight and subsequent destructive capacity. 
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407. It would appeal* fi'om certain natural reveabnenta, that 
to be in constant motiou is an innate attribute of all ponder- 
able and inipondecable matter. In fact it may be positively 
assumed that every entity, whether of a gravitating or spiritouH 
character, baa au int&ise inborn propensity to seek change of 
place or mutation of position. Thare is likewise appertainiug 
to the foregoing an eternal aptitude in bodies, to act and react 
the one upon the other, whether they are praximately situated 
or vastly remote, as regards tlie distance between them. It 
should be constantly borne in mind, that the quantitlvs inter- 
change of action between bodies, is the same, be they near to 
or distant from each other, but not ao their intervening opera- 
tive energy ; this (quality increases in intensity as the 
separation leaaeus as regards the remoteness between each. 
In addition, it may be affirmatively announced, that without 
the existence of the foregoing propeE'tias, aided by the conti^iual 
motion of the molecules making up gravitating matter, no 
natural or artificia! economies would be developed. 

The constant motivity of the particles of bodies, ia assisted 
— as regards the inorganic world — by the ever undulatory 
activity of certain spiritoua elements, as heat, maguetiaui, 
electricity, &c., which elements, in the vegetable and animal 
kingdoms, are intermixed, and their operation aided by par- 
ticular life and spiritual exiateuces. 

(a.) /nurfia (inactivity). — The ancients held it as a law of 
the material world, that aU bodiea were absolutely indifferent 
to a state of rest or motion, and would continue for ever 
quiescent, or peraevere in the same uniform and rectilinear 
transit, unleas disturbed by the action of some extrinsic energy, 
and they termed this property itiaciiuity, passivencss, or itiertia. 
The belief in this law has generally obtained, in the schools, up 
to the present day. 

I am urgently impressed to reject as untenable the proposi- 
tion as regai'da the inertia of matter, and must join Kepler, 
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who justly conceived that there was a dispositiou id all hoilieB 
to ba in and likewise maintain their motion. I shall therefore 
hold that a state of quietude or negative condition, is not a 
contingency of ponderables or imponderables, but on the 
contrary I repeat that there is an intense propensity io all 
gravitating bodies to assome the most vivid jiiotion, this prO' 
pensity being aided by the spiritous principle that each carries 
in and upou itself. 

Further, It may be also stated, that all matter — whether 
ponderable or otherwise — observes or obeys at least one 
universal law or proclivity, discernible throughout all mundane 
progressions, and this ordination is, that every ponderable 
material and its associated elements, will — when freed from 
certain obstructions — as well as assuming self-motion, mnet 
describe in its course, not a right line or a true circle, but that 
perfection of all movements, the ellipsoid, spiral or conical 
mode of advancement ; in support of which theorem I quote 
the following. 

let. Oersted discovered, and Faraday demonstrated, that 
the electro-galvanic fluid performs a gyratory motion around 
the wires that conduct it. 2nd. Bieichenbacb states that bis 
patients could see undulations assume a corkscrew-like course 
as they burst out of the magnet ; my own patients also detected 
like characteristic vibrations constantly emanating from this 
apparatus. 3rd. A body projected into space and urged by a 
central energy, which varies inversely as the squares of the 
distance, must describe a conic section. 4th. AH the planets 
move in ellipses or oval curves round the sun. 5th. Dr. Hook 
proved that the path of a moving body, would be aii eccentric 
ellipse in vacuo, aud an elliptic -spiral if the substance pro- 
gressed m a resisting mediimi. 6tb. Galileo asserted that llie 
naturally unifoi-m motion of bodies was that which takes place 
in an eUipse. 7th. The courses of the planets in their pro- 
gression with the sun, are not in circles, but regulai- curves by 
wavi/ Uncs, such as our moon delineates in lier orbit ^s she 
progresses with the earth ; or as a nail in the tire of a. wheel 
describes while it is turning round, and at the same time 
advancing. 8th. As seen from the sun, tlie planets would 
appear as though they formed circular orbits ; but in spacu 
each actually moves in its own serpentine com-se, but the line 
never returns into itself. 9th. Kepler stated that the planelii 
move in ellipses and not in eccentric circles and epicycles 
(circles within other circles) as taught by Copernicus. lOtfu 
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If Bi drop of water be cast upon hot metai, it instantly aBsiunes 
the ovoid form, and aJter an interval an elliptic motion of ita 
particles may be observed, it then begins to revolve with 
rapidity, and evaporates slowly, llth. It is this law of motion 
that produces the curved outline of the vegetable and 
animal tdngdoms, causes the winding of rivara, shapes the 
waves of the ocean and air. and governs the tempestuous 
whirl wiud. 

{6.) Touching the motive •propensity of inorganic matter. — 
Could we suddenly remove the earth with its influences 
from underneath any of the loose substances that crowd ita 
surface, or fix our globe, without at the same time arresting 
its detached portions, we should instantly perceive these bodies 
start into motion and progress onwards in an elliptic serpen- 
tine course. I do not mean that this propeusive result would 
be like that the equestrian experiences, where he flies over the 
suddenly stopping horse's head from the motivity given him 

■ by the animal's forward course, but the bodies in question 
would obey their innate propensity to seek change of place, 
independent of the earth's motion. To further simplify my 
proposition, suppose we could drop or cast a piece of rock into 
space, beyond the sphere and action of our system of worlds, 

' and thus leave it free to exert its own inherent disposition, 
we should discover — if our vision might reach such an object 
■ — -that it would instantly begin to describe a perfect ellipse or 

' oval outline, resembhng in its course an aeroHte or asteroid 

' (amall planet) minus its perturbations from planetary and solar 
influences. 

(c.) The innate disposition of bodies to vary their positions 
is illustrated by the ghding of glaciers, the spontaneous 
rotatory elliptic motion of icebergs, which renders them so 
dangerous to approach, and the shding of portions of the earth, 
aa witnessed in the so-called landslips. This last phenomeuou 
juea, in a greater or lesser degree, accordingly as the elec- 
trical prevails over the attractive magnetic conditions of the 
locality. 

A tendency to self-motion may readily be discovered among 
the particles of organic matter, and under certain conditions, 
til iff disposition is observable relative to inorganic sohda, and 
thus causes heated bricks, a piece of barley-augar, the irtm 
wheels of carriages, and the hearthstone before our fires to 
cryatallise. Certain salts will often creep over the edge of 
the basin in which they have been dissolved, and even 
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advance along the shelf npou wbich the \'essel is plmcod. 
mostly wending their course towards ihe light, like plants. 

(d.) Relatively speakiiig, it may be positively asserted that 
there is no such quality as rfst, or inactivity appertaining 
to ponderable matter, whether it he a world, a h-agmenl of 
that world, or the molecules making up that fragment. This 
fact will be comprehended when we reflect that every object 
we behold is impressed with the ceaseless motions of the 
earth, accompanying as they do its varied niovements. Thus 
our planet is known to journey round the sun at the rate ot 
68,000 miles an boor, or upwards of 1,000 miles a minuta. 
It also rotates on its axis, at the equator, 1,042 miles every 
hour, further the orb of day travels in its course round 
ftlcyone 3,000,000 of miles every 60 seconds, accompanied, of 
course, by our planetary as'stem. 

(e.) The imponderable elements are ever in motion. TUna 
a current of magnetism is continually traversing the earth 
from pole to pole, as evidenced by the mariner's compass. All 
tdnds of motion, aud each change of temperature, give rise 
to electrical phenomena ; hence onr running rivers, the never 
resting tidal and undulatori,' ocean, the waves of the atmos- 
phere, and, above all, the diversified transitions of tlie earth. 
with its momentarily varjing sunlit-surface, "must be feitile 
sources of unceasing currents of electricity, passing chiefly 
from east to west. 

(^.| Further, as regards the tendency to self-motion. Pent- 
up fluids instantly begin to flow if we remove the obstruction 
that arrests the development of their inbred proneness to 
m^otivity. This sequence, by the general world, vrill be attri- 
buted to tlie law of yraritalion overcoming molecular atlrat.'- 
tion. But sometimes liquids ascend, as in small tubes, or 
between the fibres of dead and li\'ing v'^etables, and then an 
expression must be coined to snit the economy, termed 
capilhirg attraction ; but where are the hair-like tabes to 
be found through which laud is irrigated, or discovered, 
between the gnumles of ceilaia substances where fluids ore 
seen to rise as when we touch water with the inferior point o{ 
A piece of stigvr. Very niiLuy ot the explanatiouG propouuded 
by philosophical reasoners, are offered to hide their want of 
exact kuowlnlge. and mean an>thii)g and nothing, so for lu 
explaining the causes of cortatu incidents. Would it nol bo 
I better to confe&s our oescience of the occurrences we carniol 
^ QOmpnliend, and lo merely state the facts as they uiit, 
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rather than mislead the inquirer after knowledge? We know 
very little of the chain of causation, and we shall seldom be 
able to account wholly, if in part, for many of the effects we 
witness. 

(g.) Heat and electricity readily rouse into action the innate 
aptitude of bodies to be in motion. Thus as regarda caloric. 
It is known that boihng water will flow through small tubes, 
especially if they are curved, five times faster than when this 
fluid ranges at the temperature of 3^° Fahr. ; and alcohol runs 
iBix times more rapidly when raised up to 124°. If we apply 
heat to common water it loses the so-called property of gravity, 
■and under the form of vapour riaea upwards ; and if we con- 
tinue the application of caloric, ovoid ate am -vesicles are 
'generated, whose quahty of self -movement, aided by the elec- 
tricity that is always present in vapom-a, gives them an ability 
ito burst the vessel that may control their motive propensity. 
-Again, heat and electricity escite motive action in fluids under 
common temperatures, and produce in their vapoiirs a dispo- 
sition to form vesicles, which at certain pressures of the 
atmosphere, as on high mountains, become very much enlarged, 
as observed by Saussiire after traveilmg on the Alps. He was 
astonished at the magnitude of the dropa, as he first thought, 
■whilst seeing them float slowly past him without falling to tim 
ground, On catching some of these in his hand, he found 
that they were vapour bladders incouceivably thin. 

{h.) Motion, like heat and electricity, when of a certain in- 
tensity, destroys what has been called the attractiou of grarita- 
tion, as seen where bodies are rapidly rotating. li the revolu- 
tion of the earth was 17 tunes faster than it at present is, the 
centrifugal abihty at the equator would be just equal to the 
attractive energy, and bodies would exert no pressure orwotdd 
be weightless. Motion imparted to bodies give them an ability 
that no pressure could produce. Thus the descending die im- 
prints its image upon the metal with a fidelity and effect, that 
110 ponderosity could give, nor yet the hand impress, if similarly 
appUed to soft wax. The cogency of a moving mass will 
cause a punch to penetrate a thick plate of iron or a shears in 
motion to cut it, which no pressme could perform, and with as 
much ease as a needle could pass through, or a commou scissors 
out, a piece of paper. Thus momentum originates effects which 
are wholly distinct from weight. 

(i.) The indwelling prosperity of materials to be in motion 
ifl displayed between certain separated substances and can be 
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sensibly effected, through the undulatory interchauge of 
of special essences, ^vbich ai-e always emaciating from distinct 
bodies, as witnussed where the magnet acts andis reacted upon 
by soft iron, and also \vhen electrically excited amber 
ing-wax developes motion in Ught substances. It is like' 
exhibited in suspended materials where they arrange 
selves either in polar or diamaguetic (pointing east and 
positions, as demonstrated by Faraday, 'whilst experimenting 
with galvanism, electricity, Ac. Hta^ he merely excited into 
operation the inborn predisposition of bodies to exercise their 
particulai- and natural pi-opensities. 

(J.) The subtile effective principles pervading ponderi 
tnattor — all things being noirmal — can never find 
iuhervat or general course of action. is to be always successivi 
changing from one locality or position to another, and were 
they not sometimes redundantly accnmulated or rendered 
tense, by isolation, either naturally or artificiaJly, we should 
never have discovered their existence ; for they would h»l 
gone on performing their ordinary mandate, as do at [n«t 
many yet undiscovered esseuces pervading the existences 
rounding us ; whose separate or combined actions are still wori- 
iug out their economy, in and opon the constitaents maJdng 
up the vforid's system. And so they will continue, uuiil pra- 
pitions circuuistauces expose and time teaches ns some of 
I Artificial and natural uses, as ii has already done by elecl 
t gahiuusm, and sound, ..tc. Many of the imponderable 
L because unseen or onfelt. mar be de«med inert or passive, 

a of their simple or subdued action ; but the amount of 
I, thoa^ slight, is enough for the common or general 
L |NUpoees of Katnre, and is ettmallg bein^ employed in her 
f AOoaKMny as occasion or cirqamstaoces may require. 

{k.) Katiue at pniods. by aion^ng one of the varied im- 
KpuHlentble jirinciples thatt pervade the snt»:aiitive worid-^ 
' ' ftor inst«nc« — into a vivid and intense eirandsa at' 
t, may at Umes incite its comntiTB eleraeata 
n DMidiboa. and noir the series actizi^ and teaaiBg m 
k spoeial opMKDOBs am eSeeted by their 
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taneousJy or be impressed to develops them by external ex- 
citanta. Thus, charcoal, sulphur, nitrogen, and oxygen, em- 
ployed separately, can exert a very feeble uillueiice on their 
surroundingB, but intermix them so as to form gunpowder, and 
DOW observe the result of their united action and reaction 
inter SB when ignited. They wiU then be seen to endow the 
confined cannon ball with mighty energies, and to upheave the 
rock and tumble it into the valley. Again, nitrogen and chlo- 
rine are two simple gases and separately have little ability, but 
mute the two chemically, and excite thepi into action by 
motion, or the merest touch, and no'w a few grains of the mix- 
ture will split the mortar holding it, into pieces, as many ounces 
would crumble London into ruins, and a like number of pounds 
would, by their disruptive action convulse a world. 

[1.) Touchitig the flight of gun-discharged ammiinitio7i. — Tliia 
result is effected through the combustion of the powder, which, 
whilst burning rouses into intense activity the innate pyrogen 
or electricity that forms one of the constituents of ponderable 
matter, and of course the ball being by this agency freed from 
the earth's attractive jnagnetie influence, obeys its inherent 
disposition to be in motion, whicli motion it would continue, 
were it not obstructed by the air it rushes through, the earth's 
attractive sway, or the object it strikes against, to which latter 
it delivers the aroused electricity in question, that clings to it, 
calling forth in tlie body struck— by reaction — heat and sound, 
Ac. 

{m.) When a stone is cast from the hand, the effort made 
.use of to accomplish this feat, causes the projector to bum or 
oonaume in bis system a certain portion of carbon or muscular 
matter, thus setting free heat and animal electricity, which 
latter clings to the stone in (question. This operation like the 
Jjuming powder, overcomes the magnetic attraction of the 
'earth for the thrown pebble, which now exercises its inborn 
ansity to be in motion, until the energy bestowed on it 
Sea absorbed by the air, &c., when the missOe again obeys 
bb^aiagnetic influence of the earth and of course the projected 
tone falls to the ground, 
(n.) Constant motility of the molecules making up solids, 
'fluids, and gases. — This economy may be readily conceived 
when we reflect that no two bodies, oor even their atoms, can 
possibly come in contact with each other, The reasoning 
philosopher well knows that there is nothing actually sohd 
belonging to the material world, however dense that object 
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may be. The property of expansioD and contraction i 
taining to all things, provetf the impossibihty of their particles 
coming in actual apposition. The quality of elasticity, and a. 
hundred other capabilities of bodies, whether Bimpla or com- 
ponnd, could not be esejcised if their atoms joined each 
other. Further, no vibrations could take place in materials 
if their corpuscles touched each other ; consequently no sounds 
could be developed. The difference in the mohihty of the 
atoms of solids; liquids, and gases, vary but in degree. 

(o.) If the particles of a piece of metal, as frozen mercury, 
touched each other when in a solid condition, they must be 
separated to a greater distance, when the metal, by the addi- 
tion of heat, became a fluid, and a still greater space must 
obtain between the molecules, as the mercury passes into a 
state of vapour. Water frozen into solid ice may also become 
a liquid and elastic steam, by applying to the denser mass and 
yielding fluid a certain proportion of caloiic and electricity. 
Prom these facta we are farced to conclude that the coipuscles 
constituting the bodies which surround us, must be for ever 
separated from each other, for if they were in contact as 
regards vapours, they could not go closer together when form- 
ing fluids and solids. The monads of things can but touch 
each other in any sense of the word, and no mind can conceive 
their penetrating each other. It is, therefore, erroneous to 
suppose that we can, under any circumstances, come in positive 
contact, or be capable of touching the objects which sun-ound 
us. Thus the hand when it grasps a substance, merely feels, 
or causes the nervous system to convey to tJie brain, aud 
through it to the soul, the consciousness of a more positive 
existence of the being of a thing, than could be accomplished 
when the material was more distant. Tliis sensational result, 
taking place as regards our organisation, is effected, as before 
observed, by means of certain undulations, which are ever 
issuing from, or out of, wliat in comjuoii parlance bas been 
termed Trailer. Newton suggested that if he could remove, 
f or abstract, all the motor fluid heat from out of the materioJs 
' making up the earth, he would be enabled to place our 
L globe, from its then condensed state, vrithin the space of a 
I 'BlimU room. 

ly.) Having estabUshed the tact that there are spacts 
[ between the molecules of "bodies, we can readily imagine their 
has a polar property, aud is 
■„ electricity, magnetiam, t 
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■we can easily concGivo the fact of theii' coutmually revol- 
ving on themselves and around each other. This economy 
accounts for the changes continually taking place in all atomised 
entities, be they sohd, ftuid, or aerial. 

(g.) The ever-rotatory motion of the corpuscles of which flnids 
are composed, is greater, and no doubt more rapid, than those 
of soUda ; hence their tendency to press in all directions, aided 
by the heat and electricity that enter, more or Seas, into the 
composition of all liquids. It is tins condition of fluids that 
causes them instantly to start into motiou, on the removal of 
the impediments which obstruct or hold them in checi, aa 
regards their propensity to seek -change of place. (See /, 
sec, 417.) 

(r.) Belative to latent heat or the caloric of com/position being 
the catisB of flmdity and vaporisation. — It is stated that " the 
molecules of fluids are more approximate, or nearer together 
than those of sohd bodies, as ahown. by their incompressibility." 
This proposition rather contradicts the statement " that the 
attraction of gravitation (the tendency to resist separation) is 
increased as the squares of the ihstance lessen," for this being 
true in all its bearings, the particles of solids, as compared to 
those of hquids, ought to be most motile the one upon the other. 
But this difficulty is attempted to be got over by the employ- 
ment of certain terms, as the "attraction of a^ggregation, or 
molecular adduction." The fact is, we at present are ignorant 
of the causes producing hardness and softueas. The facility 
by which the particles of fluids move over each other, and the 
contrary as respects dense masses, are alike mikuown to us, 
unless latent caloric, or rather the presence of innate heat 
and electricity of composition, be the agents producing the 
difference ; for it is proved that if we apply sufficient artificial 
or non-chemical heat, the molecules of solids then easily and 
readily move over each other ; and some of these hard bodies, 
like hquids, can, through the agency of extrinsic caloric, be 
caused to assmue the state, or form, of vapours, as sulphur, 
mercury, iodine, &c., and thus they are made to approach the 
character of gases. This suggestion is borne out by the fact 
that fluids contain more specific or hidden heat than aohds ; 
and gases, by weight, more than fluids. Thus water possesses 
twice as much caloric as oil, 21 times more than ice, and 30 
limes as much as quicksilver or lead. SVlierever density is 
iucreased, the capacity for holding heat is diminished. The 
quantity of caloric reudercil latent where bodies pass from tae 
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solid iuto the fluid state is euormous. as witnessed in meltii 
ice ; and to follow this result onwards, steam containa 900 
degrees more hidden heat than boiling water, but the thermo- 
meter cannot measure its reaidenoe in the vapour, for in bo& 
it standfi at 212° Fahr. In fact, this instrument cannot 
play the preBenoe of the heat entering into the composition 
bodies. 

(s.) It should be noted that there are many diflerent kinds 
of heat, electricity, and magnetism (see these Articles under 
their difierent headings), and each must, as well as changing 
in intensity, vaiy in quality, according to the 
whence they spring, or the condition of the bodies from wl 
they may emanate. The elementary pulsating waves of thi 
varying principles will, no doubt, in coming time, 
nizahle and become divided, the one from the other, as colours, 
odours, and musical sounds are at the present day. Relative 
to the undulations of melodious tones, they are known to 
differ, according to the strings and character of the varied 
musical instruments from which they are produced, and they 
also deviate in quality, relative to the ability of the performer 
(see article "Sound") in relation to their curved/orros and pul- 
satory type, or number o£ beats, in a given time. It has like- 
wise been recognised that each tone, and even separate key, 
aSeets our nervous system differently, as do diverse col( 
rays, or distinct odours. These last two elements are, " 
degree, as material and effective as the spiritous rays of hi 
and electro -magnetic undulations. 

(t) There must always have been in existence the same 
quantity of heat, h'l^ht, electricity, magnetism, &c., all of 
which, whether superficial or constituent— as regards ponder- 
able matter — must be constantly displaying its effective opera- 
tions, and therefore can never be at rest, such a condition, as 
regards these spiritous elements, could not obtain, without 
altering the whole face of Nature. Yes^motivity, is a fiat 
stamped upon all entities. If but one of these etheiial essences 
became quiescent, or ceased to pervade the materials of which' 
this globe is constituted, the whole series would become 
boundless confusion of unimaginable chaos. It does not fol 
however, that we can everywhere recognise the const) 
presence and activity of these subtOe elements, from the 
of means and apparatus whereby to display them to the a 
Electricity was iu active existence Chrougliout every 
before Thales of Miletus, 553 b.c, Gilbert of Colchester, 
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and Frankliu of BoBton, 1753, arranged instruments where- 
by they were enabled to exhibit ite being to our per- 
ceptive faculties and feelings. Magnetism existed in the rock, 
before its fragments were employed 20,000 years ago by the 
Chinese, as leading stones. Accident and opportunity teach us 
many things. We should have been wholly ignorant of motion, 
had we, like the zoophyta (plant animals) or crinoldea {Hly- 
hke spineless creatures) been reared on the rocks, in the tran- 
quil waters at the bottom of the ocean. How unconscious of 
the existence of the matter of sound, would have been the 
animal creation, without the capability of motion, and that 
form and consistence of bodies, through which sonorous pulsa- 
tions could undulate or vibrate. A piece of ice might be 
deemed, by the uneducated, to possess no caloric, but put it in 
motion and subject it to friction upon another piece of frozen 
water, and then enough heat will soon be elicited to melt the 
masses, though we perform the experiment in an atmosphere 
registering a temperature of 32° Fah. The beat developed by 
motion is never lost, its intensity and concentration may become 
altered, but its aubsiatence and motlvlty are eternal, which 
may be exemplified thus. Suppose two cannon bolls of equal 
weight and size to be progressing, with hke rapidity, in opposite 
directions, to meet and strike each other in their esactcentres, 
they would ba observed to recoil tbe one from the other or fall 
in a hue perpendicular to their points of concussion, and here 
persons in general would conclude that the efiects of the move- 
Kients terminated, and so thoy havo as far as the projectiles 
are concerned, but not so as regards the caloric developed by the 
impaction, that will be radiated into the adjacent substances, 
and from these the boat passes onwards to other objects, and 
will again, when called upon, be subservient to Nature's 
economy. 

(ji.) Seat call call forth motion.. This ability may be wit- 
nessed where it generates activity in bodies, or that condition 
opposed to what has been in common parlance called rest. A 
potent instance of heat-ability is witneMed, when producing 
steam from water. Here, so great is the natural motive pro- 
pensity increased by the operation of caloric on the particles 
of the electric vapour eliminated, that if we attempt to circum- 
scribe their action, when of suflicieiit intensity, it is found that 
the substance of the most unyielding vessel will give way to 
wliat has been called the explosive energj'. 

(«.) It has at tmiea been imagiuod by the unreflective, that 
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they, by particular processes, generated — whilst esperimenting 
— sonae of the principles, pervading the substances they may 
have been operating upon. This supposition bjobb from the 
attention being mostly attracted to then.' ovm efforts and 
apparatus, never dreaming of the many eleraents and capabili- 
ties that lie hidden in the boBom of Nature. It escapes their 
cognizance, that when one of her springs is touched, a thousand 
others may be quickened and tbrowninto action, the one within 
the other, each of which, like the wheels and cogs of a watch, 
will, aa economy requires, produce its quota of effect. The 
interlinked causes of natural events, we cannot perceive, and 
if we could, their mode of working would be beyond our com- 
prehension. Every result, whether transpiring naturally or 
even articificially, ia the consequent of a chain of causes, any 
one of the links of which being broken, no product could ensue' 
Thus, the machinery of the engine is generally supposed to be 
set in motion by the steam, but that could not have been 
generated without first producing heat by lighting the fire, and 
further, without the affinity of the carbon of the coal for the 
oxygen of the air, no electricity would have been eliminated by 
their union, which latter element acting on the levers of the 
mechanism, causes the progress of the apparatus. 

(408.) The undtilatory properties of matter. — The ancients, 
before the promulgation of the undulatory theory, supposed 
that ail bodies continually threw off images, reflections or like- 
nesses of themselves (see see. 51), and these images they called 
sloughs or husks, which sloughs or skins they stated impinged 
on oiar persons, and made us sensible of the presence or 
existence of the tilings that surround us. The Germans in more 
modem times, likened these self- emanating images (which they 
also imagined to be continually throwni off from all substancesl 
to the peels of onions or the natural coverings of things. 

(a.) The eternally undulating qualities escaping from all sub- 
stances, are some of them readily perceived, when sufficiently 
intense, as exemplified, 1st. By the radiating rays of calorioi 
that emanate from incandescent or red hot bodies. 2nd. Tha 
spiral polar magnetic undulations may be easily demonstrate 
W^vy acting upon a suspended piece of iron through means c " 
Ifcadfltone, or vice versa by iniluendng a pendent naagnet I 
BOme ferruginous body. 3rd. Tliere are hkewise conata 
electric effluences appertaining to substances which, when 
rendered sufficiently intense may be recognised with facility. 
This increased energy is readily effected by friction ol cor 
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bodies, as by rubbing a gkaa tube with some silken fabric, and 
afterwards bringing the vitreous -cylinder— so excited- — near 
small pieces of paper or pith-balls. The same result follows 
from the affriction of reeinous bodies with woollen cloths. 
■4th. Added to the above, there are undulatory corporeal 
qualities emanating from objects, of which the organs of the 
brain, when perfect, readily take cognizance, as for instance, 
the waves constituting the spiritoua material piinciple, de- 
signated colours, which the eye does not, nay caniiot appreciate 
as evidenced in persons, the subjects of colour blindness (see 
sees. 117, 113, 119,) bnt are promptly estimated^ according to, 
phrenologists— by a piece of brain, which they have called the 
organ of Colour. There are other distinctive undulatory 
qualities belonging to particular objects, which give certain 
phrenological developments the sense of fifth, Sixc, and sixth. 
Weight or resistance. These three brain organs are situated 
tiehind and above the eyebrows. 

(6.) All bodies, as well as projecting their qualities, are 
constantly throwing off images of themselves (see sec. 51), 
which wake np in us the sense of their being. These qualities 
ajid corporeal representations are quickened, and consequently 
rendered more intense, when the different forms of bodies are 
more or less energetically acted upon by certain spiritoua 
principles, as heat, magnetism, electricity, sound, and light. 
This last element, particularly whilst operating on bodies, 
renders the undulatory images of themselves and their pro- 
perties more intense. This is the chief reason why we feel 
the presence of substantive things when they are under the 
influence of luminous rays, which -we fail to do, in our umial 
commo^i condition, when bodies are enwrapped in darkness. 
Farther, the undulatory images and qualities of objects are 
rendered less intense or evident to our senses, the more distant 
they are from our persona. This result was evidenced under 
the old process of photography, or rather iconography. Thus, 
when employing the iodised metallic plate, the greater the 
distance of the things to be pictured were situated from the 
sensitive surface, the more faint or less effective was the impress, 
or engraving, of the subject imaged. Again, that these undu- 
latory images are positively flung off from different bodies, is 
further evidenced by their deeply engraving themselves 
into these iodised plates, formerly used in the process of 
da^errotyping, or protographing. This latter teim is 

-, for the same process of engravhig on sensative 
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pla.teB can be effected ia the absence of light, as when theM^ 
platea, and even other impressionable snrfacea, are placed 
opposite certain objects in the dark, a fact that was known 
longbefore doguerrotyping was discovered. It has often been 
demoQBtrated that we are able to produce portraits of persoasj 
and things on paper, throu;.;)! instruineats that exclude SM 
much light, that the sitter, or objects, are scarcely visibloj^ 
and, in fact, when you cannot discern the details of the 
features and dress of individuals, or the outlines of the adja- 
cent substances. The production of theae pictures in the 
perfect absence of light, takes a longer period to effect the 
desired result. This fact shows that luminous rays are merely 
a hasteoer of the process in question, and not tiie arigiiuil 
cause. Light only renders the undulatory images of things 
more intense, like the sunbeams enhance the action of the 
magnet, by rendering it more effective in its quality of bub- 
tainiijg a much heavier weight, especially if exposed to the 
Bolar luminary when the atmosphere is surcharged with elec- 
tricity. There can be httle doubt that it is the actin, or 
chemical ray found in the atmosphere, and especially pervading 
a beam of light, that so effectively assists the ever-undulating 
images in question, to print, or engrave, themselves on sensitive 
surfaces, and instead of calhug these pictures photographic, 
or actinographic, they Should be designated iconographic — 
that is, imago -writ ten, or image -generated pictures. That 
neither hght nor actin. are the originators of theae pictures 
is evidenced by our heiug able to obtain them, even when ti 
bodies to be imaged are placed in vacuo, opposite the sensitiw 
surfaces, and the whole entrapped in darkness, 

(o.) In addition. A little reasoning might teach us that HA_ 
it would be itnpossible, as regarda the so-called sun-picture(,B 
for light to produce the efiects thus attributed to it. ReflectajJ 
luminous rays, like other projected bodies or elements, mu 
when thi-own upon a 'iven object, act similarly to them, a 
can only leave their impress. It is impossible for us to cor 
ceive that reflected beems of light could by their c 
tion make aay permanent recoguisable mark, or engraving, on ' 
a giveu surface of the object fvom which they were thrown 
back. TljLS being the case, it is evident i, hat there must be 
Bomethiag that escapes from out oi the objects themselves 
that becomes pictured, and i^hese emanations can write their 
images on certain sensitive receptives. Light, like actin, 
heat, and electricity, can only, as before observed, increase the 
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action taking place on the surfacBB uniler discuBSion and these 
subtle, substantive spintou^ piinciples can at most onlv be 
helping agents as legards these reaultb and not the primary 
producers or causfS of the effects m question The) may 
increase chemical action and incite operations m bodies already 
predisposed to assume changes ; and this ia all that can be 
conceived of their capabihty of action ; unless they can. be 
supposed to atomise the unparticled matter that exists every- 
where, evea throughout all space, and deposit it, thus cor- 
pnsoulated, on the surfaces under scrutiny. 

(d.) To rehearse examples of tite coiiatant TnotivUy of ponder- 
able and impoiidfrable existeiicts. — The rivers of the earth are 
constantly flowing through their winding channels. The world 
of waters making up the mighty ocean, is ever rolling and 
heaving. Undulatory magnetism is always traversing in spiral 
hnes from pole to polo, over and through everything that is in 
or upon our globe. Free electricity is perpetually pulsating 
through space and the earth's atmosphere, exciting into action 
the innate and surface electro -magnetic fluids th^t pervade 
both animate and inanimate existences, traversing the world's 
surface chiefly from east to west, giving rise to diamagnetism. 
All bodies are incessantli/ giving off, and in turn receiving, the 
radiatoi'y spiritous matter of heat, which calorific rays vary in 
intensity according to the temperature of such bodies. Thus 
the streams of heat escaping from a piece of ice or cold iron, 
". are much less vehement than those emanating from boiling 
water or melting metal. Lastly the celestial orbs of the great 
universe, are eternally revolving on their axes, and rushing in 
unimaginable swiftness around each other. 

(e.) Motion, when artificially employed, can arouse certain 
spiritous principles, as electricity, heat, &c., into action, and 
produce effective changes or alterations in many things. Thus, 
continued agitation transforms the blach sulphuret of mercuiy 
into the red crystalline sulphuret of this metal. Simple per- 
cussion imparts a crystalline character to the irregularly- 
arranged molecules of crude iron, as found in the wheels of 
the old railway carriages, which result rendered them so liable 
to fracture. Friction calls Into activity evident electrical 
phenomena in many bodies. Flint and steel, when struck 
violently together, develope, or call into operation, 1,000 
degrees of the spiritous matter of heat, which render points 
of the abraded metal incandescent enough to osydise and 
burn them. Charcoal, flint, the pure metals, &c., ate inert. 
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when taken or applied to the animal system, but they become 
very active medicines when triturated with some harmless 
body, as sugar of milk, or agitated with water, or spirits. 
Finally, it is the innate tendency of things to be in motion that 
gives rise to the creation and preservation of all animate and 
inanimate existences. 

In conclusion, all the glories we behold appertaining to 
Nature, would disappear, and be replaced by unproductive 
stagnant confusion, if the inherent capability of developing 
or assuming spontaneous motivity was destroyed. It is certain 
inborn motive agents that give rise to all the energies which 
are exercised in and throughout the bodies and elements that 
everywhere surround us. 
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(409.) Elliptic or oval motion.— Ail hurricanes are gyratory 
—that is purBuiiig a curvilinear or ovoid courBe. These tem- 
pests or whirlstorms, blow in a determined direction, and ad- 
vance along a curved asis from the equator to the pole. The 
reason why the barometer ainta during their persistence, is, 
that the superambient atmosphere becomes hollowed, like a 
bucket o£ water when rotated. During one of these whirl- 
atorma, a ship — the Charlea Heddle — once scudded before it 
for five days, and was impelled during her course in immense 
ellipaoid circles. The waves produced iu water by the wind, 
have an ovoid outline, like the undulations of sound. The 
propagation oE earthquakes — according to Humboldt — is 
generally effected by vibrations that observe a curvilinear 
direction, vrith a velocity, of 20 to 28 miles a minute, forming 
large ellipses, in which the undulations are disseminated with 
increasing intensity from the centre towards the circumference. 
Hurricanes, according to Lyell, sweep along at the rate of 90 
miles an hour. Franklin relates, that he once saw, in Mary- 
land, a whirlwind, which began by taking up dust, in the form 
of a sugar-loaf, with the apex downwards, it extended 50 
feet high and 30 in. in diameter, and advanced in a direction 
eontrarj/ to the wind. Franklin followed this tempest and saw 
it enter a wood, where it twisted and turned round large trees 
with a vast energy. These were ca.rried to a great height in a 
spiral manner. 

(a.) The courses of the planets in their progression round 
the sun, are not in circles or regular curves, but in wavi/ Ihtes, 
Buch as our moon describes in her orbital progression with the 
earth. The spiral nebulaa of the Milky-way, move in a cork- 
screw-like course, which economy gives them their alternate 
bright and dark streaks, as we contemplate their different 
sides. 

(410.) Spiral grovsih of plants and elliptic motions of tkair 
■In coiling sterna there is a. constant tendency to turn to 
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curious property is possessed by these sets when the capaulefl 
{seed vesaelsof plants) are ripe. If the upper part of the spire 
is moistened, the capsule commences tiiming from right to 
left, but if the lower portion only is made huniid, it turns from 
left to right. A remarkable iuatance of spiral structure con- 
nected with function, is seen in the peduncle ( flower-stallt) of 
the female blossom of VaUsneria, which is a water-plant. The 
female flowers spring to the surface of the water in summer, 
at the time the male blossoms have perfected their pollen 
(spermatic or seed granules) and scattered it upon the surface 
of the pond or stream. As soon as the pollen is conveyed to 
the female flower, its spirally twisted stem becomes contriLcted, 
and its fruit is perfected at the bottom of the water. 

(a.) The cause of this ellipto spiral motive growth, apper- 
taining to living things, is owing no doubt to a ma^eto- 
electric action. It is well Imown that electro -galvanic cur- 
rents as they pass along wires, encircle them, after the manner 
of a cork-screw, as do musical tones when traversing the 
strings of instruments, or the undulations gyrating around 
elongated magnets (all humming sounds and noises that are 
void of this shape or outline are not musical tones. (See article 
" Bound.") 

(b.) There can be no q^uestion that the magneto-electric 
flnidaalwayaflowingthrouglitheearthandair, preside over.s 
are continually permeating all hving things, governing thd 
every progressive function. The electro-magnetic undulatio) 
from the earth, that pass through and influence the liviS 
entities in and upon its surface, operate chiefly — a 
vegetation — on their earlier constituents, by passing throia 
each tissue and their subsequent developings. The electif 
magnetic currents of the atmosphere, have very probably moet 
influence— relative to plants — when they have attained a cer- 
tain growth. 

(e.) Electricity and magnetism (see these Articles) are eter- 
nally pervading eveiy living entity, and also govern the 
chemical economy of all inorganic existences. The positive 
and negative streams, appertaining to these fluids, gyrate — as 
demonstrated by Oersted and Faraday— around cylindrical 
objects in opposite directions, whilst traversing them, the one 
turning spirally to the right, tho other twisting to the left, and 
whilst so doing they probably form nodes or intersections and 
bulging elhpsoid curves during their progression, which circum- 
stantial results ore readily detected, in regard to electro- 
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melodious tones, as they undulate around the strings of musical 
instruments, (See sec. 40.) 

(d.) Query. As the negative and positive electro-magnetic 
Streams — ejected from tlie earth and air— encircle the steme 
of trees and plants, may not the nodes of the ellipsoid curves 
that these currents form round tiiein, influence the alternate 
production of their limhs, shoots, and petioles ? 

(e.) The cells of plants are avuid, and within them are found 
deposits— presenting, the form of a more or less regular 
twisted fibre, winding within the cell from one end to the other, 
and this arrangement may present itself alike in cells of the 
ordinai'y configuration, or in fusiform (spindle shaped) folicles 
— constituting the proper spiral vesBels— or in cells that have 
coalesced into continuous tubes or dncts. This tortuous fibre is 
very completely generated in some instances, when the cell- 
wall itself has not acquired any greater tenacity than that of 
mucuB, very easily dissolved, which is a stage in the production 
of cells in general. 

(f.) The Theory of the sjitrai development of leaves, &c., 
around the stem, is found to account for all the varieties 
occurring in their arrangement ; and where opposite leaves, aa 
in honey- suckle, or verticils (whorls) as in the strawberry, have 
been produced, they will again be rendered altertate or in a 
winding course, by any cause which restores the stem to its full 
development. 

(ff.l It appears that where there is determinate synunetry 
of form in the vegetable kingdom, it is of a convolute charac- 
ter. Now a spire or helix (coil) is evidently formed by the 
union of a circular and a longitudinal motion. The latter is 
usually produced in the young plant by the development of 
the axis ; but where this is from any cause checked, a circular 
arrangement la the consequence. This tendency to spiral 
development is eshibited, not only in the arrangement of the 
leaves, &c., upon the axis, but sometimes in the form of the 
stem itself, as in the growth of cUmbiug plants or in its inter- 
nal structure. 

(/(.) Late investigations have shown that some animals, 
as the echinus (spinous sea-urchin), and asterias (starfish), Ac, 
are developed, hke plants, upon a sphal type. The usual 
direction of the spires of slicUs is from left to right ; but there 
are some geuera and species in which the contrary direction is 
occasionally taken. 

{i.j The folds, or convolutions of the brain, with their 
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fibres^ according to Gall — almost aU ass nine a serpentini 
course ; some form pyramids, whilst others riiii spirally. 

(;'.) In the Physa (a genus of fresh-water snails), the fi 
movement of the yollt, as described by Owen, it 
tion upon its axis ; but as development proceeds and the ciliary 
(eye-lash like) vibrations are strengthened, the embryo begins 
to travel in an elliptic course around the interior of the egg, its 
two movemanta, to compare Bmall things with great, reaeinbling 
those of the planets. 

(k.). The atoinach rotates in its action, hence it forms oval 
hair-balls in the cow, and elliptic pellets in the owl, The egg, 
EiB it passes down the ovadnct, rotates in a spiral direction. 
According to Owen, the heads of spermatozoa (auimal seed) 
are corkscrew- shaped, and always in motion. 

(i.) The sporules (seeds of flowerlesa plants) of certain Con- 
tervEE (river weeds), at a. particular period of their life, : 
about spontaneously iuside the tubes in which they are i 
rated, and at length they force themselves out into the w 
These spores move about with great velocity in a gyratol 
manner. (See "Vegetable Hotion.") 

(/«.) The sap of certain pknts moves in a spiral course, as~~ 
seen in the chard (a fresh-water plant) ; thus a number of 
globules pass up on one sinp, and turn round at the top of 
the cell, glide down the ot-ier, and are observed to ) 
ascend. 

(«.) Ovoid, or elliptic ring?, may be evolved, or display! 
by putting smoke into a funnel, and then by covering the up|>j 
portion of the hollow cons with leather. Ou tapping T' 
membrane with the finger, this operation will eject from 1 
pipe of the funnel curved stnoke-rings, which float tlirougli t 
air, like those produced by phosphoretted hydrogen, ws it 
bursts out of the water, wherein this gas is generated. The 
amoke of the extinguished candle as it floats through the air, 
describes in its course curved elOpses. 

(p.) Hogarth drew on his pallet the cont(yiir of beauty, whi 
consisted of a serpentine -curved hne. 

{p.) A wire placed near, ajid parallel to, the conducting v 
of a battery, has the polar condition of its molecules d 
and an induction propagated through it in an opposite diracti 
to tliat in the conveying wire. If the conducting wire 1 
twisted after the manner of a corkscrew, so as to formi 
hollow spire, or helix, it will he found in that shapo to repi 
sent a fiMyiiet, one end of the helix being a north, ami i 
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other a. south pole, and, if moveable, it will arrange itself in 
a magnetic meridian tmJer the jufluence of the earth's mag- 
netism, Ita poles are attracted by the unlike poles of an 
ordinary magnet, and it imparts magnetism to soft iron or 
steel by induction. Two such helices attract and repel each 
other by their different poles, like two magnets. Indeed, an 
ordinary magnet may be viewed a,3 a hody having a helical 
chain of its molecules in a state of permanent chemico -polarity. 
(Graham's " Chemistry.") 

(g.) The foregoing facta prove that tlie spiral tissue of plants 
and membranes of animals are electro-polar, or magnetic ; and 
as all bodies ore rendered electro-magnetic by the induction of 
the earth and atmosphere, growing plants must have a stream 
of electro-magnetism passing up and down them, varying 
their courae and intensity by day, as contrasted with that of 
the night, through the influence of nndulatory heat and 
light, &c. 

(411.) It is the property of all living organised beings, and 
essential to tlieir exiateuce as such, to be susceptible of the 
impressions of certain stimuli which occasion a resiction of the 
part Btimulated. The muscular fibre in animals reacts, when 
excited, by puckering, called contraction, and this property is 
termed irritability. It is indspemlent of the nerves of sensa- 
tion, for a portion of a muscle, when removed from an animal, 
manifests the same con traction when irritated, whether 
mechanically, galvanisally, or cliemically. In the hving 
animal, the most common stimulns of the muscular contrac- 
tion is through the operation of the nerves, excited by the 
will, and is commonly the consequence of an act of senaation. 
In plants, universally, there are also irritable portions, wliich 
react, when stimulated, by producing motion of a part or the 
whole. It is this property which occasions the motion of the 
cambium or sap. It is from the same endowment that 
growing plants incline to the light, and extend their roots to 
the most congenial soil, or entwme their tendrils around the 
bodies which sai-ve as their support ; or move the stamen 
(male fertilizing organ of a flower) in regular succession towards 
the female part or pistil (as in saxifrage) or incline the pistil 
Buccessively to each stamen (as in the hly), By a modification 
of the same irritable property, some plants close their leaflets 
or flowers at sunset, whUe others, like the nocturnal animals, 
go to to sleep as it were, at the approach of day. By a higher 
degree of thia irritability the leaflets of the fly-trap {Dioniea) 
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approximate each other, Find enclose the irritating insect whi 
has aHghted upon them, and the Mimosa pndica isensita 
plant) withdraws its leaves from the offending touch ; 
the DeBmodium oxhibita diiring tlie day a constant aJtem 
movement of the lesser folicles (leaflets), analogoi 
quicker vibration of the ciha (processes like eye-lashes) wlii 
bisect the respiratory organa of many molluscous (soft b 
animals, and which is equally independent of the nerves t 
of the will, and would appear to be the result of ati electa 
magnetic action. The condition of these vegetable motiod 
which essentially distinguish them from the voluntary i 
menta of animajs is, that they never proceed from an interE 
impulse, but are invariably tlie consequences of an eitten; 
stimulus, and take place, aa it were, mechanically, or i 
from an electro -magnetic action. In animals, the rat 
arise out of an internal determination from parts not i 
to the motory energies, or through animal magnetism. 
is also an essentia! difference in the nature of the motion il 
even when we compare the simplest animal with the plw 
If WB touch the feeler of a polype, it recedes from the irritant if 
a true contraction of the part within itself; but in the case of bl 
sensitiveplant, thereisnothinghke this contraction of the portio 
touched, but is only an articular phcation, or folding of a Oi 
gnous part, without the dimansions of the irritated leaf beid 
altered. The simplest animalcule of infusions exhibits the 
tary characteristics of the animal, by varying its niovemente i 
avoid obstacles, or seize its food, while the locomotive embrj 
of the Confervie dilatata proceeds blindly onward in an 
unvai-ying course, tiU its irritability is exhausted, and escJtes 
no idea of animahty in the mind of an observer, who has had 
any experience as regards animalcules, 

(a..) Animal i>iovi»nents as govenietl by the 7iervovs system. — 
Except in regard to the influence which injuries of the cere- 
bellum (the small brain once supposed to preside over i 
motion) exercise in the medulla oblongata (that portion of t 
sensorium that connects the large and small brain togethai 
and spinal marrow, there does not exist, either i 
of health or disease, any relation between the cerebBllnj 
(Gall's organ of Amatwcmss) and the regularity of looomol 
movements. Animals deprived of llie cerebellum still eoja^ 
regular locomotive abilities. The cerebellum of fishes, reptUJ 
and birds, is more simple than that of mamuiifewB (ani 
having breasts). Do the latter euj'oy more regular or j 
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aialitiea of locomotive action than the former? What relation 
13 diacoverable between the successive stages of development 
of the cerebeUum, from the movement of birth to the 20th and 
30th year, and the regularity of the locomotive movements ? 
Are the mobile abilities of the man between 20 and 30 years of 
age more regular than those of the boy and ghl from 5 to 15 ? 
Has it ever been proved that individuals possessing a large 
cerebellum, manifest more regular movements than persona in 
whom it ia small? The cerebellum is more diminutive in 
women in general than in man, yet do females walk and dance 
with less regularity, art and grace, than men ? Do castration 
and lesions of the testicles, which exert so vast an influence 
on the cerebellum, produce derangement in the regularity of 
locomotive movements ? And "what connection can be dis- 
covered between the regularity of these movements and the 
influence of lesions or diseases of the cerebellum on the genital 
organs ? What have the painful tensions and heat of the 
nape of the neck, and the apoplexies of the cerebeUum, so 
frequently associated with the aesual functions, in common 
with the regularity of locomotive movements ? None of these 
questions is solved by the hypothesis that the cerebellum pre- 
sides over muscular action. Irritations and lesions of the 
medulla ohlojigata and spinal marrow which govern voluntary 
motion, explain the irregularitiea of the locomotive movements 
which occur in these cases. To give a rational foundation to 
the idea that the cerebellum regulates locomotive movements, 
it would be necessary to show that the same proportion exists 
between the cerebellum and the abihty, quickness, and 
regularity of these movements. But this proportion does not 
exist universally with regard to the medulla oblongata, the 
spinal marrow and the nerves which derive their origin from 
them. The abihty, regulaiity and agihty of the movements of 
the tiger, horse, boa, &c., are proportionate to the size of these 
organs in these different creatures, but not at all to the bulk of 
the cerebellum, which is smaller ia them than in man, 

(i.) A muscle may be ya/sierf hy some change taking place 
in the central organs, which shall prevent the nervous influence 
from being excited tliere. Thus by the effusion of blood in a 
certain part of the brain, the arm and leg, or the whole of one 
side of the body may be paralysed to the influence of the will. 
But the muscles which are thus withdrawn from the control of 
the will, may yet be moved by an emotional impulse, provided 
its comiuetion with the parts of the nervous centres, in which 
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these actions are said to originate, be unimpaired. Thus 
completely paralytic arm has been seen to be violently shaken 
when the emotions of the patient were strongly excited by the 
approach of a friend. The muscles of the shoulder in the case 
of paralysis of one side, were called into contraction in the re- 
flex jnovements of yawning. And the muscles of the legs, 
when their communicatioa with the brain — and consequently 
the control of the will over them — has been completely cnt off, 
have been made to act energetically when the feet were tickled, 
although the patient was not conscious either of the irritation 
or of the motion. The energy of muscular contraction depends 
in a great measure upon the abihty of the stinmlus which is 
tramsmitted from the nervous system. Thus in the case of 
persona who are under the excitement of violent passion or 
insanity ; a dehcate female is often a match for three or four 
men, and can even break eorda and hands that would hold the 
most powerful man in his ordinary state. The cause of fatigue, 
which comes on after prolonged muscular exertion, is really 
dependent upon a change in the brain, though usually referred 
to the muscles that have been exercised. For it is felt after 
voluntary motions only, and the very same muscles may be 
kept in reflex action, for a much longer time without any 
fatigue being experienced. Tliua we never tire of breathing, 
and yet a forced voluntary action of the muscles of reapiration 
causes fatigue. The voluntary use of the muscles of our limbs 
in walking or running, soon causes weariness, but similar 
muscles are used by madmen for days and nights together 
without exhaustion, and also by birds and insects, forverypro- 
longed flights, without fatigue, and we find that the action of fly- 
ing may be performed afterthe brain, or gangha corresponding 
toitininsectshasbeenremoved. The energy of muscular con- 
traction appears to be greater in insects in proportion to their 
size than it is in other animals. Thus a ffea can leap sixty tinseB 
its own length, and move as many times its own weight. Tha 
ahort-limbed beetles that inhabit the ground have an enormous 
abDity, which is manifested both in their movement of heavy 
weights, and the resistance they overcome with their jaws. 
Thus dung-beetles can support, uninjured, and even elevate, a 
weight equal to 500 times that of its body. The stag-beetle 
has been known to gnaw a hole of an inch in diameter in the 
side of an iron canister in which it had been confined. The 
wings of many insects strike the air several hundred, and 
some small insects inatiy thousand times in a 8 ' ~ 






RAPID FLIGHT OF ANIMALS. 

eider-duck is Baid to lly 90 miles iE an hour and the hawk 
150. The swalJow and swift pass ahnoet the whole of the day 
on the wing. The flight of insects ismore swift than that of 
the swallow, for this blvd cannot OTertake the dragon-fly. 

(o,) The mind greatly influences the body. Thus the sight 
of a person in danger makes a greater impression on the system 
than the reading that thousands hnve been killed in battles. 
Natural language has a greater effect on the feelings than arti- 
ficial signs, because the brain is thrown into more intense 
motion by passing events than those awoke up by memory or 
the relatiou of past occurrences. 

(d.) It has been said that tlie contact of blood with the 
lining membrane of the heart stimulates its muscular walls to 
contraction as long as they retain their perfect structure and 
properties, even though the connection of that organ with the 
nervous system has been completely cut off. But there must 
be some other cause for the continuance of its regular move- 
ments, for the heart of some cold-blooded animals willcontinue 
to contract and dilate for many hours after it has been removed 
from the body. The heart of a sturgeon was extracted from 
this creature and inflated with air, but it continued to beat 
until the auricle (ear) had become so dry as to rustle during 
its movements. In the same manner the peristaltic move 
mente of the intestine continue to propel its contents for some 
time after the general death of the body, and even takes place 
where the whole tube is removed from it. These motioua are 
partly the result of impressions left on matter, and are kept up 
or assisted by the electro-magnetic action of the earth and 
air, £c. 

(e.) The heart is endowed with the property of irritability, 
by which is meant the capabihty of being easily excited to 
movements of contraction alternatiing with relaxation. Thus 
after the heart has been removed and ceased to contract, a 
slight irritation will cause it to execute, not one movement only, 
but a series cf alternate contractions and dilatations, gradually 
diminishing in vigour till they cease. That the irritability of 
the heart is not dependent upon the cerebro spinal system, 
appears not merely from the mauifestatioii of it when theorgan 
is altogether removed from the body, but also from the fact 
that if the current of blood through the lungs be kept up by 
artificial respiration, the heart's action will continue for a 
lengthened period, even after the brain and spinal cord have 
been removed. Hence we see thaJ the irritabihty of this organ 
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must be an endowmeat properly belonging to it and not derived 
from that portion of the nervous syBtem. This action is much 
lass speedUy lost in cold-blooded animala than in WBirni j the 
heart of the frog will go on pulsating for many hours after it is 
removed from the body. The extraordinary tendency to 
rhythmical action which di atingnishea the heart from all other 
muBcles, is shown by the fact that not only do the entire 
hearts of cold-blooded animala continue to act long after thf 
removal from the body, but even separated portions of tht 
viill contract and relax with great regularity for a long ti 
Thus the auriclea will persist in their rhythmical action when' 
cot off above the auricular ventricular rings, and the apex of 
the heart will do the same vrhen separated from the rest of the 
ventricle. 

(/.) The stimulus of the contact of blood with the lining 
membranes of the heart, to which its regular actions have been 
commonly referred, can have no influence in producing these 
movements ; nor does it appear that the contact of air can 
take its place, since the rythmical contractions in the heart of 
a frog will continue in vactw. Nor is there any evidence that 
the flow of blood through tlie cavities has the efiect of securing 
the regularity of thefr successive contractions in the hving 
body ; for this regularity is equally marked in the contractions 
of the excised heart when perfectly emptied of blood, so long 
as its movements continue vigorous. But when its irritabihty 
is nearly exhausted, the usual ryihm, is often a good deal dis- 
turbed, BO that the contractions of the auricles and ventricl 
(cavities of the heart) do not regularly alternate with 
other, and one set frequently ceases before the other, 
cause of these muscular actions must depend upon the elecl 
magnetic influences resident in their Burroun dings, which 
motive fluids are always acting on all organic and inorgt 
matter. (See " Impreseions left on matter.") 

(jr.) The motion of the heart depends in a degree apon die 
sympathetic nerves, for we may remove the brain, and yet this 
viscus can be made to puJaate after it has stopped, by stimu- 
lating the spinal nerves, through their influence on the aympa- 
pathetic ganglia. You may divide the spinal nerves without 
disturbing the circulation ; but a blow over the pit of the 
stomach often stops the heart, as will emotions, acting through 
the great sympathetic. 

(k.) The epithelial cells of the mucous membraueB ore often 

an fringed with cilia (hairs like eyelashesj, they are aJwavta 
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in rapid motion, and waves pass acroBB them, like those pro- 
duced by the wind when sweeping oTer com, and this coutlnues 
after death. These epithelium cells have been seen to swim 
actively in water by the agency ot their cilia for some hours 
after they have been detached from the mucous surfaces of 
the nose. This ciliary movement has been seen fifteen days 
after death in the body ot a tortoise in which putrefaction was 
far advanced ; and again in the gills of the river-muscle this 
action endures with a similar pertinacity. The purpose of 
this ciliary movement is to propel fluids over the surface, and 
is limited in the higher animals to the internal surfaces of the 
body, and always takes place in the direction of the outlets, 
towards which it aids in propelling the various products of 
secretion. The case is different among animals of the lower 
classes, especially those inhabiting the water. Thus the 
external surface of the gills of fishes, tadpoles, &c., is furnished 
with cilia ; the continual movement of which renews the 
water in contact with them, and thus promotes the aeration of 
the blood. In the lower Mollusca, and many Zoophytes, 
which pass their lives rooted to one spot, the motion of the 
cilia serves not merely to produce currents for respiration, but 
likewise to draw into the mouth the minute particles that 
serve as food. In the free moving animalcules of various 
kinds, the cilia are the sole instruments which they possess, 
not merely for producing these currents in the water, which 
may bring them the requisite supply of food, but also for pro- 
pelling their bodies through the liquid element. This is the 
case, too, vrith many larger animals of the class Acalepha 
(jelly fish), which move through the water, sometimes with 
great activity by the combined action of the vast number of 
cilia that clothe the margins of their external surfaces. Of 
the cause of the movement of these ciha, no account can be 
given. (There can he httle doubt, I think, that these motions 
are the result of an animal electro -magnetic action.) A layer 
of ciliated epithelium, or cuticle, is found on the delicate mem- 
branes which line the cavities of the brain, and is also dis- 
covered in the terminal ramifications of the bronchial tubes 
and nasal cavities, and all other mucous surfaces, as the 
linJDg of the lungs, va,gina, womb, and its fallopian tubes, iSic. 

{»,) The brain of man has been estimated to receive one- 
sixth of the whole amount of tlia blood, although its weight 
IB not usually more than one-fortieth part of the whole body. 
This copious supply of blood has reference to two distinct 
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objects ; first, to supply the necessary conditions for the 
of the nervous system; ami, secondly, to niajntain its WMi 
tioji. Many circumstances lead to the conclusion that 
nervous, as in the muscular system, every vitaJ operation 
necessarily connected with a certain change of compositi 
BO that no manifestation of nervous ability can take pli 
unless this mutation be effected. There is reason to believ* 
that this change essentially consista in the union of oxygen, 
or some other principles, conveyed by the arterial blood with 
the elements of the proper nervons matter, and that this 
union consequently involves the death and disintegration of a 
certain amount of nervous tissue, the reproduction of which 
will be reijuisite, in order that the system may be maintained 
in a state fit for action. 

(j.) The fibrine of the blood is in perfect solution ; bnt this 
fluidity does not depend on motion, aa seen by including it 
between hgatures ; but if vee break up the brain and spinal 
cord it soon coagulates, because we here cut off the neTYO- 
magnetic current through it. 

(i.) Combustion, orcreation of aevrhon during muscular aciiort. 
— A humble-bee has been found to produce one-third of a cubic 
inch of carbonic acid in the course of an hour, during which 
its whole body was in a state of constant movement from the 
excitement consequent upon its capture ; and yet daring the 
24 hours of the succeeding day which it passed in a state of 
comparative rest, the quantity of carbonic acid generated by 
it was absolutely less. A man produces, or consumes in the 
lungs, 7 ounces, a woman 5 ounces, and a boy and girl, aged 
10 years, 4 ounces of carbon, or chai-coal, iu 24 hours. "Very 
old and young people hum little charcoal either in the skin' 
pulmonary organs, hence they soon become fatigued. 

{!.) Eejlex (directed backwards) motive actions.— Ji the iu 
of a centipede be cut off whilst in motion, the body will c( 
tinae to move onwards by the action of the legs, and the same 
will take place in the separate parts, if the body be divided 
into several distinct pieces. After these actions have come to 
an end, they may be excited again by irritating any part of the 
nervous centres, or the cut extremity of the nervous cord. The 
body is moved forward, aever backwards. If the body be 
opposed in its progress by an obstacle of not more than half 
its weight, it mounts over it, and moves directly onwards 
as if in its natural state ; but if the obstacle be equal to its 
own height, its progress is arrested, and the cut extremity 1^ 
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ACTION OF THE WILL ON THE MOSCULAB 

tliB body remains forced up agaauat the opposing s 
bat the legs wilJ continue to move. A water-beetle having had 
its nervous cephalic ganglia removed, remained motionless so 
long as it reated on a dry surface ; but when cast into water it 
exercised the usual swimmiug inotious with gi-eat energy and 
rapidity, striking all its comrades to one side by its violeuce, 
and persisted in these inovemeutH for more than hali an hour. 

(wi.) The ostrich pursued its course after decapitation by the 
crescent -headed an-ow of the Roniau emperor. The decapi- 
tated cook of Boerhave ran on in the direction towards its 
food, previously impressed by its volition, each successive 
contact of the foot with the ground exciting the subsequent 
movement. The tail of the lizard will leap about for some 
time after it has been suddenly torn off. 

{«.) The embryonic mass in the ova of the gasteropoda, tuma 
on its ftsis during a great portion of its period of development, 
but not from liaving cilia, this economy ensues also vrith 
Polypes aad Tunicata (headless Molluaca). 
- (o.) Dr. Cre in his celebrated experiment upon the mur- 
derer Clydesdale, produced, by means of electricity, on the 
dead but yet warm corpse, a horrible caricature of life, by 
calling into violent contractions the muscles of the face, all 
the expressions oi rage, hatred, despair, and horror were 
depicted upon the features, producing so revolting a scene 
that many spectators fainted at the sight. These results prove 
that the phrenological organs of the brain, by means of animal 
electro-magnetism conveyed by the nerves, can exhibit their 
true character whilst acting on the muscles of the face. 

(p.) The motivity of the blood in the capillaries (fiairhke- 
vessels) is greatly aided by animal electricity. It has been 
proved that if a receptacle containing water, having a very 
smaU hole in its base, be comiected with a prime conductor of 
an electric machine, the water will naerely escape by drops, 
but on setting the machine in action, the particles of the 
fluid will now run in a continued stream, 

(q.) Action of tite will and nervmis fluid in regard to muscular 
motivity. — If two covered vessels precisely alike, the one empty 
the other full of leaden bullets, be placed before a person, let 
him first hft the full one, and then be told to raise the empty 
vehicle — with an understanding that it is of equal weight — he 
will put into the second effort so much unnecessary energy, 
from the expectation of being about to lift a gi'eat weight, that 
hia baffled exertion will, in its reaction, cause qnite a painful 
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41B. Vegetable vital motivity. — The phenomeuon of an 
nation to successive change of place is most recognisabi 
EbmoDg the compouud granules of organised existences, as 
the red globules of the blood of animals, and the acti' 
molecules of plants. As regards the motive particles of 
vegetable world, tliey are extremely minute and ovoid in foi 
These granules are found in all vegetable matter, vrhen rubbi 
into small portions, and examined by the microscope. Tt 
are perceived to have a rapid motion of an undulatory 
oscillating gyratory character, so that a drop of fluid in vfhic] 
they are placed seems to be, as it were, ahve. These moleculi 
are most numerona, and of & large size, in the poUen-powdi 
found on the anthers of flowers ; and, as regards planti 
are the spermatic granules, through the agency of which fei 
tilization takes place. The movements of these particles 
not cease with the life of the plaut, for they have beeu si 
by Dr. Brown in the fossilised remains of vegetables. Tl 
are readily detected in green gamboge when dissolved ii 
liquid. The particles thua set at hberty instantly commence"' 
their motion. They he dormant in our furniture and the wood 
of buddings, but are capable of iimnediate motion when set 
at liberty. They lose the abihty to move, and apparently 
their separate life, when combined by tlie irresistible laws of 
Nature into other beings of a more complex structm:e, but 
still, as it were, forming life. Their apparent vitality does not 
cease with that of the object with which they have been ci 
bined, but continues through vast periods. Their oripi 
propensities to be in motion are restored the instant they 
liberated h-om their prisron, for Dr. Brown caught them 
minute globules of ahnoud oil, and imprisoned them for weal 
but without interrupting their motion. 

(a. I Mr. Travers observed isolated blood-globules enter the 
capillary tubes and perform an oscillatory movement in them 
for hours, before any series of them passed into the animal 
circulation. 
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(6.) Tlie passage of juicea through the leaves and Btems of 
plants, atid the vessels of aiiimalB. designated respectively the 
sap and the blood, Ac, owe much of their motivity to an 
innate propensity to he in motion. The gesticulation and 
progressive movements of animals are, in a measiire, derived 
from this inborn tendency. The motive energies exercised by 
hving creatures, ai'e not alone the result of will-ability, or 
the application of the nervous stimulus, these are in a degree 
helping agents, which serve to rouse into activity the magneto- 
electric fluids of the body, whici, actinp; on the muscles, and 
these again on the bones and cases of animals, enable them to 
obey their inborn inclinatiou to wander, or adapt their economy 
to changing circumstances. The plant displays, in some of 
its parts, a similar innate motive disposition to that of the 
animal kingdom ; hut & certain number require an external 
irritant to be applied, when they instantly exhibit this inherent 
propensity to become in a state of motivity, as witnessed in the 
sensitive plant, the venus fly-trap, and our native sundew, 
found in the bogs of this country. 

(c.) Vegetable irriiabillti/. ~-This quahty approaches almost 
the manifeatatious of life as seen in animals. Thus, on the 
hanks of the Ganges there exists a botanic form, so life-like 
as to resemble some of the lower animals in its motions. The 
Desmodiiun Gyrans will not move but when placed in a posi- 
tion where the temperature approaches 100° Fahr. (In this 
particular, plants display a like re quironient to that of inorganic 
bodies, where heat is found necessary to sensibly develops 
their disposition for activity, and other economies, as seen 
with regard to the molting of ice to form water, which fluid 
is known to be always in motion, though apparently at rest. 
This fact is proved by placing at the bottom of a va3B filled 
with water certain colouring matters, which after a time 
become diffased throughout the whole aqueous hquid by the 
imperceptible currents always taking place in every fluid. 
Again, steam requires heat and electricity to develope its 
energies.) But to resume, the leaflets of this Desmodium 
Gyrans are in perpetual agitation ; one of theiu erects itself 
by a succession of gentle starts, so as to mount about fifty 
degrees above the level of the petiole, and then fall in like 
manner. While one rises another is descending to about the 
same distance ; and so the movements continue. These tran- 
sitions do not cease at night, and in the still hours of an Indian 
summer evening they are very active. The restlessness is 
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more vigorous lu the shade than in direct stiulight. The S' 
sitive plaat requires in our climate artificial heat for the 
development of its motive phenomena. To the traveller across 
the warm plains of Senegal, the " good-moming " flower, or 
" how do you do " plant, as the natives in their language call 
it, as if it offered a friendly salutation, hy howiug aa they pass 
by it, is an attractive and wonder -creating object. In aome 
other plants the stamen may be excited into motion by irri- 
tating it with a needle. 

(d.) The Oscillatoria among the ConfervBB, have green articu-' 
lated filaments, deriving their name from the oscillatory 
motions observable in them. These plants not only move their 
limbs, but shift their station with rapidity, and this inde- 
pendently of light and heat, or any other perceptible agent, - 
for these actions take place iu the dark, and ice-cold water, 

(a.) Tlie minutte, oily and amylaceous (of the nature alM 
starch) molecular matter that is suspended in the fluid which • 
contains pollen-grains, moves with great activity, each particle 
upon its own axis ; and this action has often given rise to the 
idea that these molecules were of an animaicular nature, 

(/.) The presence of yeast, or that of any gluten-like -J 
material esciies in saccharine fluids an intestine motion, by* 
which, if there be siifficient yeaat, the sugar is resolved into 
alcohol and carbonic acid. 

{g.) " Without entering," says Humboldt, "onthedifBci 
question of spontaneous motion, or, in other words, < 
difi'erence between vegetable and animal life, we would remark* 
that it Natnre had endowed us with microscopic capabilitieB 
of vision, and the integuments of plants had been rendered 
perfectly transparent to our eyes, the vegetable world would 
present a. verj- different aspect from the apparent immobility 
of repose in which it is now manifested to our senses. The 
interior portion of the cellular structure of their organs is 
incessantly animated hy the most varied currents, either 
rotating, ascending, and descending, ramifying, and ever 
changing their directions, as manifested in the motion of the 
granulated mucus of marine plants — as in the naiades, cbaracsB, 
hydrocharidte, and in the hairs of phanerogajnic (having 
the productive organs visible) land plants ; in the molecolar 
motion first discovered by Dr. Brown, and which may be 
traced in the ultimate portions of every raolecule of matter, 
even when separated from the organ where it was generated, 
also iu the gj^ratory cun'euts of the globules of cambiuja .- 
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(glutinous liquid of plants) which glides in circles not ratatocy 
and circulates in peculiar vessels in the antheridia (anthers) 
and of the chara and the reprodactive organs of liverwarts and 
olgffi (sea weeds, &c.), the structural conditions of which 
Meyen believed to bear an analogy to sperniatozoa (animal 
seed of the creature kingdom). If to these manifold currents 
of gyratory movements we add the pheuomeaa of eudosmosis 
(the attraction through a membrane, of a thin by a denser 
fluid), nutrition, and growth, we ahall have some idea of these 
energies which are ever active amid the apparent repose of 
vegetable life." 

(k.) Locomotion may be seen in the reproductive particles 
or spores of certain Confervte. At a particular period of their 
life, these spores move about spontaneously inside the tubes 
in which they are generated, and at length force themselves 
out into the water, wherein the mother-plant is floating. Once 
plunged in this element, the spores move about with velocity 
in a gyratory manner, till they reach a shaded place, when 
they fii themselves by one end, produce a root, and then lose 
all ability of after motion. 

(i.) With the unfolding and closing of flowers, must be 
arranged siugular motions in the parts of fructification which 
occur on their being touched. Thus, if the fllamenta of ber- 
berry are irritated, they rise up and strike the anthers against 
the stigma on the style ; if the finger be apphed to the sexual 
column of the plant styUdium, which is bent over to one side 
of the flower, it swings round instantly to the other side. 
Several oases of this ability of motion occur in the ArchidaceiB ; 
if the caudicular stems of the pollen masses of the plant Catase- 
tum are disturbed, it springs up so violently as to separate 
itself from the column on which it grows and darts to a con- 
aiderable distance. A very singular character of motion in 
flowers of another plant of this kind — growing in Swan Elver 
Colony — has been described by Mr. Drummond. The lower 
lip, he says, in which the anthers are placed, is a boat-shaped 
box, the upper lip, which he supposes to be the stigma, forms 
a hd, that exactly fits it, the hinge on which the lid moves, 
springs from the upper part of the flower, and is attached to 
the centre, and when it opens the superior portion moves 
round within the box, comes out at the bottom, turns up and 
back, 80 that when fully expanded it stands fairly over the 
flower. The moment a small insect touches the point of the 
lid it makes a sudden revolution, brings in the point of the 
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lid at the bottom of ihe box^ eo that it has to pass the anthw 
in its way, and makes prisoner any insect which the bos wfll 
hold, ami haviug caught it remaiES shut while the a 
moves about, but if the insect be not caught, the box boc 
opens again. 

(j.) With the Aimeria in the flowering season a i 
column below the stigmata lengtliens, so as to close tte| 
foramen of the ovule (a rudimental seed) and at the same 
moment, the cord on which the ovule is suspended slips aside 
and elevates the ovule, so as to enable it to present its foramen 
to the column. The same phenomena arc visible in Daphne 
Laureola and other plants, and something of an analogous 
nature occurs in Zygnemata, which at the period of fructifi- 
cation bring themselves together, and effect a kind 
spontaneous vegetable copulation, 

(fc.) In the AsclepiadaceiE, which have the pollei 
closely packed in hags, from which it would seem there is i 
escape : at the period of fecundation, each of tlie pollen grain] 
projects one tube from its side, and those tubes all direc 
themselves spontaneously towards a thin space on the side rfl 
the bag that holds them. Piercing this bag, they succeed in 
extracting themselves and reaching the vicinity of the stigma, 
but are still at some distance from it, they then direct their 
course towards that organ, and succeed in reaching it, where 
ever it may be, either by directing themselves at right angles, 
or downwards, and even upwards, as the peculiar structure 
tmd location of the stigma may require. 

(l.) The sleep of the leaf, that is, tlieii' folding up and 
- drooping at night, and their raising and unfolding themselves 
by day, are capabilities of motion in the limbs and stems of 
plants, which are doubtless of the same nature && that of the 
sensitive plant and its allies. To the same class also must be 
assigned the fly-catcliing Dianiea : this plant wliich grows 
wild in the marshes of Carolina, has a leaf which is bordered 
with a row of strong teeth, and when spread open is strikingly 
similar to one of the toothed iron traps when set, as used for 
catching game, that is, it consists of two roundish sides, eacli 
furnished witli a row of strong teeth, near the middle of each 
side there grow three etifl bvistlee, placed in the fonn of a 
triangle ; if one of these bristles is touched by an insect or any 
»other means, the two sides of the leaf spring up instaptly, the 
'vteeth cross each other, and the insect is held so fast that it can 
only be extracted by forcing the sides of the leaf asunder, an 
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operation of fiome difficulty, so great is the energy with which 
the contraction is effected. 

(m.) Vegetable movements in regard to their seed. — The Bal- 
aam termed impatiens noli m.e-tan(f ere {impatient touch-me-not) 
has a seed vessel or capsule, formed of five divisiona, which 
when the seed are ripe, suddenly separate from each other and 
curl inwards, scattering the seed to some distance. The 
squirting- cucumber, when ripe, very readily separates from its 
stalk, and then its pulpy contenta are violently forced out from 
the aperture thus left, 

(n.) Vegetable contraotility. — Some of the movements of 
plants depend in a measure upon their property of contracti- 
lity, by which they are enabled to shorten their tissues upon 
the application of a stimulus, resembling in a degree the 
muscular fibres of animals. Thus, if the leaves of the common 
wild lettuce be touched, when the plant is in flower, the part 
will be covered with milky juice, which is forced out through 
the stomata (the oval holes in the covering of plants, and the 
scarf-skin of animals) by the contraction of the cells or vessels 
beneath. Again, in the flower of berben>, if the base of the 
stamen be touched by a pointed mstrument, the filament or 
stalk will bend over so as to strike its top agaonst the style or 
central pillar of the flower, thus eausmg fertihsation. This is 
seen in the Nevr Holland plant Stylidum, which has a tall 
column rising from the centre of its flower, and consisting of 
the stamen an<l style united, this usually hangs over the side 
of the flower ; but if it be touched ever so lightly it starts up 
with a jerk, and rapidly swings over to the opposite side. 

(o.) Some of the coloured globules that give the hue to the 
latex or vital fluids of plants are seen to oscillate in this veget- 
able product, which when separated from the plant coagulate, 
and leave a fluid lymph or serum. The latex seems to bear 
the same relation to the system ol the vegetable that the blood 
does to that of the animal, and to be the inmiediate source of 
the various secretions of the vegetable world. 

(j).) The bamboo grows 150 feet in a season, and it is 
Btated that you may sometimes see or be conscious of its 
upward movement. 

(q.) Electro polar state of the v-egetable kingdom. Herr von 
Kielmeyer supposes that there is acting ou plants, a principle 
the analogue of magnetism and electricity, which, polarizing 
the cells of which a vegetable is composed, give to one set an 
upward, and to another a downward growth. 
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(413.) The heart is pre&mned to be the central organ of 
circulation, and by its alternate contraction and dilatation ia 
BUppoaed to exercise the principal energy by which the blood 
18 propelled through the aystema of the higher animals. Its 
anatomy and physiology become intelligible by considering 
first the principal varieties of the circulation or rather motion 
of nutritive fluids which occur in the animal kingdom ; bearing 
in mind that the main objecta for which such a motion is re- 
quired are a consta,nt supply of fluid adapted for nutrition to 
all parts of the body, and its regular exposure in land and some 
Bea animals to the influence of the air by the process of respira- 
tion, &c., through the lunga, and also — in aerial creatures — 
the skin, so that it may be fitted for maintaining the life of the 
animal. The simplest mode by which a distribution of nutri- 
tive fluid ia eflected by means of ramifications proceeding from 
the stomach and intestinal canal to various parts of the body, 
ia that which occurs in the polyps, infusoria, entrail wormB, 
medusa (jelly fiah), and zoophytes (vegetable animals). In all 
these the digestive canal and the circulating system form but 
one apparatus. The food, which in the higher auimal I'equires 
a comphcated process of assimilation before it is fitted to mov< 
with the blood, is in them already adapted for nutrition, 
moat of them currents can be seen passing in opposite diri 
tions along the canals opening into the digestive cavity, esacU] 
like those well-known to exist in the stems of charss (planta 
found in salt and fresh water, whose fluids ore always rotating 
and probably produced by the motion of cilite (eyelash-lite 
filaments) which line the tubes, but they are too minute to be 
discerned with the microscope. In the planarite and some of 
the trematodft a separate vascular systeni has been disco^red 
in addition to the ramified digestive tubes. Ia the former the 
mwn trunk has the shape of an oval loop from which capillary 
networks arise and communicate freely togetbev, and with a 
median dorsal vessel. Theae vessela have been seen contractiag 
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and dilating, but no regular course of fluid has yet been dis- 
covered. A more perfect form of circulation of this kind is 
found in the anellides (the worm tribe) and in the leech. There 
are two main lateral vessels conimunicatiag at their es- 
tremitiee, and by transverse branches with each other, and 
with a third central vessel which contains within it, bathed in 
its blood, the nervous cord, and present knot-like swellings 
at the same situations as that cord does. Alternate motions of 
the blood may be seen in these vessels, at one moment the 
lateral vessel and the central with the communicating branches 
between them are seen filled with blood, while the other 
lateral vessel and its branches are empty. During the con- 
traction of a lateral vessel the blood evidently flows from it 
through the middle transverse vessels over to the other side, 
and the nest moment returns. The contraction proceeds from 
behind forwards, so that a wave — as it were — of blood is seen 
passing from one end of the lateral and of the central vessel to 
the other, and then returning in the contrarj- direction through 
the other lateral veesel. In this manner it is probable that a 
constant circulation is maintained along the sides of the animal 
and its direction seems to be changedafterevery eight or thirteen 
pulsations. The same general type of circulation is found in 
earthworms and all other anellides. 

Hitherto nothing has been seen, which could be called a 
heart, nor have the vessels presented any character by which 
they could be separated into systems of arteries and veins, for 
all alike seem to perform, at different times, the functions of 
both. A ]noro distinct division of the parts of the circulating 
system is found in insects. They have a large vessel running 
along the back divided by numerous constrictions into a series 
of communicating cavities, between these ore lateral openings 
tlirough which the blood is received, and these are guarded by 
valves to prevent the blood from flowing ont. Through thisj 
which is called the dorsal artery (but it may rather be regarded 
as a series of ventricles) the blood passes from behind forwards, 
diverging into small streams, one of which flows to each of the 
antennte (feelers) and feet, &c. No distinct vessels can be de- 
tected in which these minor currents may run, they seem 
simply to pass through the various tissues, and having arrived 
at their destinations, to form there into arches, and return and 
empty themselves into the abdommal vessels, which may be 
regarded as veins, and through which the blood flowing from 
before backwards is returned into the dorsal artery through the 
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commnnications which exist between them at the posterior 
part. This plan of the circulating Byatem, with various modi- 
fications, prevails in the arachnida {spiders, mites, and scor- 
pions) and the lower Crustacea (having a shelly coating 
on,8t). 

(a.) Harvey considered the heart to .be the sc 
which the circulation is effected, but it is certain that sevei 
other causes exercise auxiliary away. The veins, like tl 
arteries, have at times been seen to pulsate, and the pulsatioi 
have been clearly proved to have been communicated from 
heart through the capillaries, whilst it may added that 
rapidity of the current in the arteries, veins, and capillai 
is always in direct proportion to the strength and freqot 
of the ventricular contraction, and always more rapid in 
I parts near, than in those renuote from the heart. It ceaees 
I ail, the instant the heart is removed, or its influence on a pE 
out off by dividing the mam -artery. In old persons in whoni' 
the whole arterial system of the legs is sometimes ossified and 
rendered incapable of contraction, the heart alone is sufBcient 
to maintain the circulation through these parts. The heart 
acta as a forcing and sucking pump. During the circulation of, 
the blood there is a constant stream running throngh the vess 
and at every contraction of the ventricle of the heart, an 
pulse is given to that part which is next the heart, producing a 
wave which is propagated rapidly through all the arteries, and 
causes at each part of them a slight dilation as it passes with- 
in them. 

(6.) The capillaries (liair like vessels) ai-e the most delicate 
of all organic tissues, measuring from ^ to —^ of an inch 
in diameter, they exist in all tissues of the body, vary- 
ing, as regards arrangement, only in the greater or less close- 
ness of the network that they form ; and of which the meehes 
are in some organs so fine as not to exceed in width the 
diameter of the capillaries themselves, as is the case in the iris 
of the eye, and in the substance of the longs. It is throngh 
these vessels that all the important processes of secretion, 
nutrition and absorption are effected, 

(c.) The influence of the minutest arteries, veins, and 
capillaries, on the circulation, is best seen in the phenomena of 
local action as inflammation, blushing, fcurgescence, or avrelling, 
&c. If the web of a frog's foot — placed in a microscope — be 
Irritated, the capillaries are seen slowly contracting, so as some- 
times to prevent the flow of blood through them, and if 
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atiimulus be bo great as to produce inflammation, then they dilate 
and a large number of globules is seen passing along them with 
great rapidity. The same may be seen in the human eye, the 
vessels in front of which are so minute that they give no colour 
to it; but if they be irritated by a particle of dust, at once 
they dilate and the red blood globules entering them, are seen 
as tortuous canals filled with blood. On a larger scale we per- 
ceive, after a wound or other injary, the parts around grow 
redder, and swell from the afflux of blood to its capillaries, and 
if the inflammation arise in a part which can be compared with 
another simOar one as in the hand, one feels that the pulse is 
fuller and stronger on the injured, than on the sound side, indi- 
cating that a larger quantity of blood is passing through it, 

A still more evident accumulation of blood is shown in blush- 
ing, in which, from the msntal impression, in an instant all the 
minute vessels of the face, neck, head, &c., become distended 
with blood. The paleness of fear is produced by the opposite 
condition, and we have other cases in which a decrease of the 
quantity of blood in a part is seen ae in deficient nutrition and 
shrinking of parts which have beconie useless, as in the gilts 
of tadpoles, the horns of deer, &c. All these circumstances 
prove that, independently of any influence extending from the 
teart or arteries, there is in the very minute vessels of all parts 
an ability by which the supply of blood passing through them 
may be either increased or diminished, whether it be effected 
by an alteration in the propelling ability of the vessels them- 
selves or from an electro -magnetic influence, and an innate dis- 
position to be on the move. 

id.) The veins, like the arteries, are elastic, and this ability 
is occasionally exerted in recovering them from too great dis- 
tention ; they also have a vital contractihty, the influence of 
which is remarkably shown in their shrinking when cold is 
applied. 

(e,) In the lowest animals, the movement of the circulating 
fluids seems as independent of any central organ of impulsion, 
as it has been shown to be in plants. Thus in the living sponge, 
a current of water is continually flowing through the tubes and 
channels, by which its substance is traversed, the fluid being 
tftken in by the small orifices, and ejected in energetic streams 
from the large ones, and yet the most attentive examination has 
not revealed any mechanical cause forthe movement. In some 
of the compound polypifera, a similar current may be seen and 
it is curious that, in many species, its direction undergoes a 
A a2 
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periodical change, being reversed at intervala of a certain m 
ber of seconds. In the star-fish and sea-urchin tribe, a 
plex circulation of blood takes place through regular ves 
and here we find some indication of a contractile cavity, 
the articulated aeries, there is, with a few exceptions, ar 
sence of any central organ of impulsion, possessed of an ability 
sufBoient to carry the blood through the vascular syatem. In 
the aquatic worms the movement of the blood, and the pull 
tion of the dorsal vessel shows that the current is not propi 
sive, 

(/■.) The blood continues to Sow through the capillaries 
cold-blooded animals after the removal of the heart, and by 
the arteries being found empty after a natural death in tJie 
higher animals, is a proof of the contraction of these tubes also 
— for when an animal is killed by electric lightning, the arteries 
are found to contain their due proportion of blood. 

(g). It has been well ascertained that a real process of 
secretion continues after death : thus urine has been poured 
out by the ureters, sweat exudes from the skin, and the hair 
grows, &c. These changes could not have taken place unless 
the capillary circulation were still continuing. In the early 
embryonic condition of the highest animals, the movenient of 
the blood seems to be unquestionably due to some diffused 
^^_ ability, independently of any central impulsion ; for it may be 
^^^^^B seen to commence in the vascular area before the development 
^^^^^1 of the heart. The first movement is towards, instead of frmn, 
^^^^F the centre : and even for some time after the circulation is 
^P fairly established, the walla of the heart consist merely of cells 

I loosely attached together, and therefore can have no contractile 

m energy. 

■ (ft.) In the fietuB (child in the womb) the capillary ability 

I supplies the place of the heart, up to the period of birth. It 

m has occasionally been noticed that a gradual degeneration in 

H the structure of the heart lias taken place during life to such 

H an extent that scarcely any muscular tissue could at least be 

H detected in it without interruption to the circulation, as must 

H have been anticipated, if it furnished the sole impelling ability, 

I (t,) In certain of the lower tribes of animals whose locomo- 

H tive' abOitiea are feeble, and general habits inactive, the 

H circulation of nutritive fluid is carried on nearly in the same 

B manner as in plants. There ia no central organ for propelUng 

I it through the vessels, and ensuring its regular and equable 

^K^^^ diBtribution ; and its inotioa must depend upon tbe eoei 
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created in the indmdual parts themselves, hy ftnimal electro- 
magnetism, and the innate propetisity to be in motion. In 
some of the infusoria, according to Ehrenbiirg, a distinct set oE 
reticulated vessels may be seen, channeled out beneath the 
surface, in which a movement of fluid may be perceived, inde- 
pendent of any perceptible impulsion, and apparently similar 
to the circulation o( the elaborated sap in the intercellular 
passages of plants, which is propelled onwards by the electro- 
magnetism of the earth and atmosphere. 

{J). The heart cannot be the only means by which the motion 
of the blood is continued, for the changes which this fluid 
undergoes in the capillavJea show they have a share in its 
production ; it is their continued action that assists to empty 
the large vessels after the systemic circulation ceases. The 
capillary circulation often continues in a severed limb for a 
' time, if it he kept warm. The circulation in living animals 
discloses many irregularities in the capillary currents which it 
is impossible to attribute to any influence derived from the 
vessels that supply then^ ; thus the velocity of two currents in 
neighbouring channels is often very diS'erent, their direction 
changes, and some of them even, occasionally stop and re- 
commence again without any perceptible mechanical cause. 
Some other arguments for the independent nature of the 
capillary circulation may be drawn from the spontaneous 
motion exhibited by the globules of the blood, when removed 
from the body, or liberated from vessels. In the development 
ot the embryo of tlie higher vertebrated animals, there is a 
period at which a distinct movement of red blood is seen 
before any pulsating vessel can be detected to possess au 
influence over it, and in the formation of new membranes, 
which is one of tlie i-esults of inflammation, the lymph at first 
poured out In a ftuid state and gradually acquiring a solid 
consistence, presents channels in which globules are seen to 
move before these became connected with the vessels of the 
neighbouring parts. 

(fc.) Dr. Thomson and Van Boer state that there can be no 
' donbt that the blood is formed before the vessels. The 
creation of the blood goes on in every part of the body, and 
■when formed it is put in motion by some unknown cause that 
impels it in its proper direction (the cause is from an innate 
propensity to be in motion, assisted by an electro -magnetic 
action which presides over, or assists all and every kind of 
motivity) until at length it reaches the central formation of 
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blood, (u-ound which is developed a tubular eana!, aftei 
to be farther modified and changed into a heart. The first 
motions of the blood are towards the heart, and consequently 
the first vesseia formed are veins, a tact; of itself sufficient to 
disprove the hypothesis that the motive ability which presides 
over the circulation resides exclusively in the ventricles of the 
heart. The same animal electro-magnetic ability that causes 
the movement of the heart, when formed, also occasiona the 
blood and other fluids to progi-ess through the system, and by 
a modification of the electro -magnetic life energies of plants, 
their juices are litewiae caused to permeate their structures. 

(I.) After the principal vessels are formed, the development 
of new ones no longer appears to take place in die-united points, 
but to be effected by the prolongation of loops from those 
already existing. This process has been witnessed in the 
finny tail and external gills of the cooimon tadpole and water- 
newt, or eft. 

(m). In reptiles, the lymphatics (absorbent vesseU carrying 
lymph), are furnished with pulsating dilatations, or lytnphatie 
kewrtt, which have for their of&ce to propel the Ijinph into the 
venona system. In the frog there are two pairs of these, deep 
and superficial, one situated just beneath the skin (through 
which its pulsatiouB are readily seen in the living animal). 
Their pulsations are totally independent of the action of the 
heart, and the respiratory movements, since they continue 
after the removal of the former, and for hours subsequent 
to the dismemberment of the animal. The pulsations Tisnally 
take place at the rate of 60 in the minute, but they are not 
regular, nor are they synchronous on the two sides. 

(n.) When a pupil in the anatomical schools, I recollect 
dissecting a very corpulent man about sisty years of age. most 
of whose arteries were ossified (converted into bone) which 
vessels broke when struck, as if made of brittle glass. In the 
year 1824 I presented to Mr. Grainger, who placed it in his 
museum, the heart of an old duck, that had become entirely & 
booy cavity, and yet the circulation of the blood was effected 
as if the heart had been capable of contracting apoo its 
contents. These last two facts also prove that the circulation 
of the blood is independent of the contraction of the heart and 
ftrteheB. 
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MOTIVITT AND DISSEMINATION OF VEGETABLE 
FLUIDS. 



(424.) The sap of plants has mostly been regarded aa a liquid 
absorbed from the soil by their fibrosis rootlets, and has 
generally been supposed to be the chief source by which vege- 
tables are nurtured ; but a httle reflection will, I think, teacli 
UB that roots onlyimbihe andcarry simple water, sometinies con- 
taining, perhaps, certain stimulating soluble salts. This water, 
after threading the bodies and stems of plants, enters their 
foliage, and serves in its downward course as a veliicle for the 
true nourishing sap, which is created and perfected in the under 
surface of leaves. This sap, so generated, is, of course, varied in 
character, according to the frondage of each distinct vegetable, 
and becomes eliminated throughout the plant during its 
descent, thus promoting its development. It has Ukewiae been 
presumed that vegetables reap much nourishment by the appli- 
cation to them of certain manures ; but I conceive that thie 
supposition, like the foregoing, is erroneous. FertiHsing 
composts may stimuiatf. by their presence, but can furnish no 
aliment that could directly enhance the enlargement of 
vegetable productions, by reason tbat manure may be spread 
over the land to any extent ; but if we intercept light and 
actin, or withhold the application of a certain degree of heat, 
land-plants will not grow, Such being the case, we might as 
reasonably attribute the support and increase of size in plants 
to Ught, actin. and heat, as is assumed to take place from the 
apphcation of particular inauures, and assert that vegetables 
fed oil these imponderable elements, from the fact that they 
canuot advance their economy without them. It is well 
known that large trees often grow out of the crevices of other- 
wise barren rocks, aud that great archidacious and aerial 
plants flourish without touching any kind of soil. (See 
sec. 23.) 

Again, many of the deep marine vegetables grow to an 
immense size without the aid of mould, air, Ught, and actin, 



354 ESSAYS ON MATTEB. 

or the variations of heat, it is then evideat that their pro- 
duction and nourishment must be independent of them or any 
ponderable or imponderable bodies known to us. 

If the elements of the earth and ah originated and after- 
wards sustained vegetable productions, all their characteristic 
secretions, or rather creations — when surrounded by similar 
circumstances — ought to be alike, but we find each separate 
species differing the one from the other, as regards their 
development and productions. On the contrary, when the 
chemist experiments to produce certain objects from like 
quantitive elements, the results of his labours are similar. 

The vegetable world is proved at one hour to absorb, and 
then decompose, and at another period to give out pure 
carbonic acid, though some plants, both by day and by night 
are always eshahng this gas, as is the case with the fig tree. 

By calculation it has been proved that a square naile of one 
of our common lime rocks {which were originally formed by 
the corollina and zoopbyta, and upheaved from the bottom of 
our old world seas) if decomposed, would furnish more 
carbonic acid than is contained in the whole of our atmos- 
phere, which consists, when pure, as a law in Nature, of the 
same quantity of nitrogen, oxygen and carbonic acid. Thiai 
act has obtained ever since the earth has been surroutided 
by an aerial element. All the upper layers of our globe have 
been formed or produced by animal and vegetable matter. 
This fact points out that every living entity must create the 
carbon, &c., Ac, that enters into its composition. (See 
sections 23, M. 25, 26, 27. 28.) . 

From the foregoing postulates, I am led to presume tliaJi| 
plants and animals materialize themselves and their secretions 
out of unparticled or undeyeloped matter, or the ultra-gaseoiifl 
matter of Professor Crooks, which entity obtains in all 
objective things, and extends throughout unimaginable space ; 
or it may be, that all living existences can subsist and become 
unfolded by decomposing — by a process unknown to us — their 
present surrounding elements, into their ultimate uuatomized 
principles, which ultimate imponderable elements are after- 
wards absorbed, and then assimilated according to the economy 
of each living entity Animals have been known to subsist 
through great periods of time without partaking of any sus- 
tenance, and there are many cases on record where members 
of the human race have maintained a foodlees existence for 
eight and twelve months, and even longer, vrithoat any 
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apparent diminution of theic bodies. I would ask, how they 
supported their being? The answer muef; be^after the 
manner of plants, by imbibing suatenance from their sur- 
rounding mediuma by means of the lunga and skin, Ac. (See 
"Prolegomena," p. x. and sec. 34, 35,) 

(a.) Vegetable exhalation. — All the tissues of plants are 
engaged in conveying water and eap — when formed — though 
some parts carry more than others, and the younger portions 
contain a greater quantity of fluid than the older. The water 
that passes up into the growing vegetation is disposed of by 
the process of exhalation, which is not mere evaporation of 
the aqueous flaid, but consists in a vital process, which appears 
to be analogous to our insensible perspiration. In this way 
the common sun-flower, three feet high, will lose one pound 
four ounces of water in a day. Hales contrived to measure 
the ability with wliich plants exhaled during the summer, and 
computed that in some vegetables it was five times as great as 
that which impels the blood in the large artery of the leg of a 
horse. 

(b.) The motion of the fluids in plants is of two kinds, 
general and special. The general motions are those of ascent 
and descent, both of which may be rendered apparent by 
cutting through the trunk of a tree, when not only the divided 
surfaces below will present esudation of a liquid in its ascending 
course, but the surface above wUl exhibit a juice that is de- 
scending. External agents tuftect the circulation in plants, as 
light, heat, and especially electricity and magnetism, &c. 
The amount of aqueous fluid, which is so strong in the spring, 
ceases when the leaves are fully expanded. After the middle 
of summer, the sun's rays have Less effect, the foliage is also 
obstructed by the deposition of secretions, the whole tree 
attains a state of plethora, ^d there is an increase of 
descending juices. 

(e.) Numberless tJieories have been put forth to explain how 
fluids flow through plants, but they all fail to interpret the 
cause. I think there can be no doubt it is effected by electro- 
magnetic currents from the earth and atmosphere, which are 
— with certain vital essences — continually permeating all 
living entities. It has been shown tliat when water is escaping 
by dro^a from a vessel, if we electrify it, the same fluid will 
now run in a rapid coniinuom stream. Further, we must not 
forget that there is an intense inborn propensity appertaining 
to all materials to be in vivid motion, which proclivity is 
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greatly enhanoed hy electricity and magnetisin. Dutrochrt 
attributed the motion of vegetable fluids to the action of 
endosmose and esoemose (tlie pa-ssage of gases and fluids in 
and out through the pores of membranes). These processes 
are also found to be greatly enhanced by the employment of 
electricity. 

(d.) The special motions of the juices of plants are of two 
kinds : the first is called rotation, the second cyclosis (having 
a spiral motion). The first, or rotatory motion, is best seen in 
the plant chara (found in ponds and ditches). Tn this weed 
there may be seen & number of grefen globules, varying in 
size, which proceed up on one side and turning round the top 
of the cell, pass down the other side, and again ascend. The 
rapidity with which these globules move, depends on th 
of the plant. The motivity is increased by a range of 
perature between 55° and 77° Fahr, and decreased by a greaf 
amount or abstraction of heat. Secondly, cyclosis: 
motion is found in all plants possessing spiral vessels. 

(e.) Endosmose (gr. endiw- internal, ostkos impulsion) is the 
attraction through an animal or vegetable membrane of thin 
by a denser fluid. Dutroehet found that jf he filled the 
swimming bladder of a carp with thin mucilage, and placed 
it in water, the bladder gained weight by attracting the flnid 
through its sides ; to this phenomenon he gave the name of 
endosmose. He also found that if he filled the same bladder 
with water, and placed it in thin mucilage, it lost weight, its 
contents being partially attracted through its sides into the 
surrounding mucilage, this counter phenomenon he named 
exasmose (ex out of, and osmoi). The same circumstances 
were seen to occur in the transmission of fluids through the 
tissue of plants ; it was found possible to gorge parts of 
vegetables with fluid by merely placing them in water, aod to 
empty them again by rendering the fluid in which they w^re 
immersed more dense tha tl t wl h th \ tained. It was 
also proved that this phe m t k pla w th considerable 

energy. Dutrochet stat t! t at thi k ed with sugar 
produces an ability of dm pabi f sustaining a 

column of mercury of 127 h th w ght of 4% atmos- 

pheres. He considered end m t b wing t intercapillary 
electricity, gi-ounding his opinion upon the experiment of 
Porrett, who found that when two liquids of different levels 
are aeparated by a membrane, they may be brought to a level 
by eBtablishing an electrical current between the two, 
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rendering the membrane more readily permeable, or rather 
increase molecular motion. 

(/.) Electricity, heat, and movement are connected through- 
out Nature. The experiments of Dutrochet on the circulation 
in the vessels of the plant chara, illustrate this remark. At 
the freezing point, the circulation is alow, but if the water in 
which the vegetable is placed be gradually heated, it becomes 
accelerated, juat in proportion as the temperature is increased 
up to 113° Fahr. Light appears to have little or no influence 
npon it. 

(3.) The fluid from the earth ascends through the sap-wood 
and reaches the leaves, is there assimilated or made nutritive 
and inspissated, and then discharged back into the bark, settles 
downwards towards the root, and passes off laterally by the 
medullary passages into the heart-wood, which is sap-wood 
consohdated, by the addition of secreted matter, and may be 
always restored to the state of sap-wood by any solvent of the 
secreted matter, as the black deposit in ebony is dissolved by 
nitric acid. The ascending circular current in the cells of 
chara, is uniformly on that side of each cell which is most 
remote from the asia of growth, and consequently the de- 
scending current is on the side nearest the axis. 

(h.) The movement of fluids in the individual cells of certain 
plants, as the chara, ia quite distinct from the general circula- 
tion in the higher order of vegetation. It is a part of the 
process of formation, by which the nutritious fluid that is 
brought to each part, is converted into organised tissue. 

(i.) Two sets of processes must be in constant operation, 
causing the ascent of fluids through the stems of plants, as 
shovm by the following experiment : If the top of a young 
tree be cut off in the spring, and the divided extremity be 
immersed in water, it will absorb a sufficient quantity of fluid 
for the temporary supply of the leaves, whilst, on the other 
hand, the portion of the stem left in the ground will continue 
to pour out water drawn or forced up the roots. It is then 
evident that the propulsive ability of the roots, or rather the 
electro -magnetism of the earth causes the ascent of the fluid 
in the stem, since the latter will continue by simple imbibition, 
when the open extremities of the vessels are placed in a fluid, 
provided that the functions of the leaves are sufficiently active 
to occasion a demand for it. Moreover, there would seem no 
reason why the spongioles (the extremities of the ultimate 
fibrils of roots) should not be capable of absorbing fluid in the 
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winter as in eummer, acd it the ascent of the fluid from 
earth depended entirely upon them, we should expect that it 
would be continued. That they are thus capable is shewn by 
grafting a shoot of an eveigTePii upon a stock whose leaves are 
deciduous (not evergreen, but falhng), and it is found that 
the uninterrupted continuanco of the demands meets with a 
corresponding supply. A stiU more striking experiment is to 
train a shoot of an out door vine, or other plant, in a hot- 
house during the winter : the unusual stimulus wUl cause an 
immediate development of tlie buds, for whicli a supply of 
moisture is required, and this is denved from the roots, whose 
nsna! torpidity at this season is thus interrupted through 
want of action in the buds. Careful examination of the first 
movement of the humidity from the soil in spring also leads to 
the same result ; for it is ascertained that the upward flow 
begins near the buds, where the electro -magnetism from the 
earth has its greatest action as it escapes from the extreme 
points of the growing vegetation, and may be progressively 
observed in the branches, trunk, and roots — the latter not 
commencing their action until the superincumbent oolnmn has 
been removed. It cannot be doubted, that the demand for 
fluid, occasioned by the vital processes which take place in the 
leaves, is the essential cause of the motion of the earth's 
moisture in the higher parts of the tree, and that the propult 
abihty of the roots or rather the electro -magnetism ol 
earth is principally expended in raising it to the sphere of 
influence. It is evident that the quantity of fluid absorbed by 
roots will be proportioned to the rapidity of its removal by 
leaves above, just as the continued rise of oil in the wick 
simple capillary attraction, or rather thenuo- electric action, 
regulated by the combustion at its apex. 

( J.) The nutritive juices of plants are made to descend through 
their structures by an electric action. Thus the resident 
electricity in the atmosphere is attracted by the extreme ends 
of vegetables, and as it descends through the stems it propels 
their fluids dovrawards into the ground. Tliis conduction of 
electricity by plants is always taking place, and is made 
tictUorly evident to our senses, when there is a super&bun< 
or abnormal quantity in the atmosphere by disrupting 
taller trees. Every botanist and gardener becomes awi 
that during the prevalence of electricity and warmth in the 
air, all plants rapidly shoot forth buds, and elongate their 
fltema and tendrils, and also enlarge their leaves. Now 
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action must always induce reaction, the positive eJectricity of 
the air when descending the growing plant, must call into 
operation the negative electro-mapietie element resident in the 
earth, which ascending and propelling upwards the water of 
the soil, gives rise to the rapid phenomenal grovrth in question, 
which is very perceptible in hot climates, where caloric as well 
as electricity is readily brought into play. 

(ft.) Id regard to the circulation of the nutritious sap, which 
commences in the under surface of the leaves and descends 
from thence into the bark. The economy of this movement is 
not to convey this fluid in a direct line from one point to 
another — as is the ease with the ascending aqueous current 
from the earth^ — but to supply every part with materials for its 
growth, or for the production of particular secretions. Hence 
the vessels, &c., in which it takes place, form a minntety- anas- 
tomosing network, instead of consisting of a system of straight 
and distinct tubes. Through this network the latex or elabo- 
rated sap is seen to move, exactly as does the blood through 
the capillary vessels of animals. This movement takes place, 
under favourable circumstances, vrith considerable rapidity ; it 
is accelerated by heat and electrical influences and retarded by 
cold, and is subject to all those minor irregularities (such as 
the cessation of motion, or change in the direction of the 
current, in a particular channel) ^hich are so constantly to be 
noticed by any one who attentively watches the capillary cir- 
culation in animals, and which clearly prove the operation of 
some influence independent of the heart's action. 

The general direction of the nourishing sap through this 
capillary system is downwards. This circulation takes place 
most actively in parts wluch are undergoing a rapid develop- 
ment, and its energy corresponds with the vitality of the part. 
In the circulation of the elaborated ffap, there is a constant 
attraction of its particles towards the wails of the vessels, and 
a continual series of changes produced in the fluid as the result 
of that attraction. The fluid, which has given up to a certain 
tissue some of its materials, no longer has the same adduction for 
that tissue, and it is consequently driven from it by the superior 
attraction then possessed by the tissue for another portion of 
the fluid, which is ready to undergo the same changes, to be 
in its turn rejected for a fresh supply. Thus in a growing part 
there is constantly renewed attraction for the nutritive fluid, 
, which has not yet traversed it, whilst on the other hand, there 
.fl a diminished adduction for the fluid, which has yielded the 



nutritive materials required by the particular tissues of the 
part, and thus the former ia continually driving the latter 
before it. But the fluid, which is thus repelled from one part, 
may still be attracted towards another, because that portion of 
its contents, which the latter requires, may not yet have been 
removed from it. And in this manner, it would seem that the 
flow of sap is maintained through the whole capOIary network, 
until it ia altogether cshauBted of its nutritive matter. The 
source of movement ia thus entirely to he looked for in the 
changes that take place in the act of growth, and the influence 
of heat, electricity, cold, and other agents upon the movement, 
is exercised througli their ability of accelerating or retarding 
these changes. 

(l.) That positive and negative electro -magnetism ia always 
passing into and escaping from the earth, is evidenced by 
taking a bar of iron, three or four feet long, and holding it in a 
vertical position. The iron becomes magnetic through a 
terrestrial influence, If the bar be inverted, the polarity will 
instantly be reversed : the extremity which is now lowest will 
be found to have a north pole, and the other extremity will 
become a south pole and vice verm. Bars of iron that have 
stood in a perpendicular position become magnetic, as found 
in our fire irons, and bars of windows. If we strike an iron 
rod, when upright, vrith a haromer, or rub it with 
thus giving rise to an electric action — -these manipulationt 
render it polar o 
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MATTEB. 



425. From the principle, long since eatablished in mechanics 
and natursil philosophy, that Siction and ree^ction are equal, it 
will follow that every impression which man makes by hia 
words, or movemeata, upon the atmosphere, the water, or the 
sohd eartb, will produce a aeries of changes id each o[ these 
elements, which will never end. The words now going out of 
my mouth cause pulsations or waves in the air, and these — 
though imperceptible to man in hia ordinary state^ — expand in 
every direetiou until they have passed around the globe, and 
produced a change throughout the entire atmosphere, nor will 
a single circumgyration complete the efiect ; but the sentence 
I now utter shall alter the world's aerial element through all 
future time. So that, as Professor Babbage remarks, '■ the air 
is a vast library, on whose pages are for ever written all that 
man has ever said or woman whispered." Not a word has 
ever escaped from mortal lipa, whether for the defence of 
virtue or the perversion of truth ; not a cry of agony has evef 
been uttered by the oppressed ; not e. mandate of cruelty by 
the despot ; nor a false andllattering sentence by the deceiver ; 
but it is registered upon the element we breathe. And could 
man clairvoyantly command his mind, he would discover that 
every particle of the air thus set in motion could be traced 
through all its changes, with as much precision as the astro- 
nomer can point out the path that the heavenly bodies have 
passed or will move thi'ough. No matter how many storms 
have raised the atmosphere into wild commotion, and whirled 
it into countless forms ; no matter how many conflicting waves 
have mixed and crossed each other ; the patli of each pulsatiou 
isdefinite. To follow it requires, indeed, eji abihty of analysis 
superior to human, but not inferior to spiritual beings and 
their divine controller. The same phenomena are true of the 
waters. No wave has ever been raised on their exterior, no 
keel has ever ploughed their surface, which has not sent an 
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influence and a change into all oceans, and modified evei 
wave that has rolled in upon the farthest shores. As the 
vessel crosses the deep, the parted billows close In, and every 
trace of disturbance soon disappears from human vision, 
Nevertheless, it is certain that every track thus farrowed in 
the waters has sent an influence through their entire maes, 
aucli as is calculable by distinct fonnulae, and it may be that 
glorified minds, by the principles of celestial mathematics, can 
as easily trace out the paths of the unnumbered ships that have 
crossed the seas, as the astronomer can the tracks of the 
celestial orbs. The solid earth, too, is alike tenaciouB of all 
the impressions we make upon it, not a footprint of man or 
beast is marked upon its surface that does not permanently 
change the whole globe. Every one of its countless atoma 
will retain and exhibit an infinitesimal, but real, effect through 
all coming time. It is too minute, indeed, for the cognizance 
of the senses of man in liis common state. But in a higher 
sphere, there may be inlets of perception acute enough to ti 
it through all its bearings, and thus render every atom of 
globe a living witness to tlia actions of every existing beii 
In view of these facts, I again cannot regard the glowii 
language of Babbage as an exaggeration when he says, 
soul of the negro, whose fettered body, surviving the li' 
charnel-house of his infected prison, was thrown into the 
to hghten the ship, that his Christian master might escape 
limited justice at length assigned by civihzed man, to 
whose profit had long gUded their atrocity, will need in tl 
hereafter — touching human accounts — no living witness of hia 
earthly agony, when man and all his race shall have dis- 
appeared from the face of our planet. Aak every particle of air 
stiii floating over the unpeopled earth, and it will record the 
cruel mandate of the tyrant. Interrogate every wave which 
breaks unhnpeded on ten thousand desolate shores, and it 
will give evidence of the last gurgle of the waters which closed 
over the head of liis dying victim. Confront the murderer 
with every corporeal atom of his inmiolated slave, and in its 
still quivering movements be will read the denunciation, 
art the man." 

People in general are amazed when we speak of the mat 
ality of light, heat, and electricity, What then will be 
amount of their wonder, when I state that our thoughts and 
feelings— and the effects they praduoe — ^become aa it were 
Bpiritually materialized, and that their semblances are im- 
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pressed or imaged upon every atom of the universe. For 
instance, I have known some of my sensitive clairvoyants 
relate the past history of things and beitiga, and prophesy as 
to their fitiure experiences, and even describe the fancies 
formed in the minds of certain persons, and the sensations 
that pervaded their systems in the long past periods of their 
lives. These facts show that sonl-horn representations must 
exist for ever, and will have a pictured being, when Time's 
ancient Temples, fashioned by the hands of man, and even the 
rocks whereon they stood, fabricated or created by living 
corollina and zoopbyta, shall have crumbled into dust, no 
more to be recognised by the eyes of the then living creatures. 
Farther, I have known several persons — two ladies and a 
physician — who related to me that during submersion in the 
water, and just previously to becoming insensible, every 
feeling and act of their lives, passed in review before them, 
just as if they had been the events of the previous hour. Two 
of these individuals — the doctor and one of the gentlewomen 
— stated, that so beautiful and attractive were, at one moment, 
some of their visions, as regards a future state, that they 
greatly regretted awakening again up into this world's asso- 
ciations, with its empty pleasures and unsatisfactory cloying 
pursuits. 

(I.) Most individuals, are aware, that diseases, deformities, 
and propensities, are hereditary, showing that impressions and 
changes propagated in or among animals and vegetables in 
one age, will crop out in future generations. Thus the de- 
scendants of deaf and colour-blind people vrill inherit — 
through a long issue of offspring — deficiences in regard to 
sound and colours, &c. 

(II.) The various breeds of domestic cattle, of the horse, dog_ 
Ac., offer abundant evidence of the modifying influence of ex. 
temal conditions, since they originated from single stocks, and 
their peculiarities have been engraited — so to speak — ou their 



(III,) Between the Shetland pony and the Arabian racer, 
the Newfoundland dog and ItaUan greyhound are greater differ- 
ences than betwixt the lion and tiger. These domesticated 
races, however different their externa! characters, have a com- 
mon origin, as proved by the fact, whenever they return to a 
Btate of nature, (as seen with the dogs introduced by the 
Spaniards into Cuba, and the horses and wild cattle, which 
now overspread the plains of South America, ) the differences of 
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breed diaappear, and a common form is possessed by all tlw' 
individuals. Even what has been vaguelycalledinsd'nc^ which 
must have remained dormant for so many geuerationa duiiug 
the domesticated condition of the race re-appears when this 
ohange takes place in tlieii- labits. Thus among the wild horseB 
there is the same tendency to appoint a sejitinel and associate 
in herds under the protection of a leader, as among those of 
Asia, whose ancestors are not known to have ever been rendered 
into subjection. The wild dog— like the jackals and wolves — 
from which no doubt they originally sprang — hunt in pa^ks and 
all become of one marking, colour, and character, varying of 
course according to the climate and their surroundings, 

(IV.) Belatioe to iJie vegetable world. — "Who could detect in 
the common cabbage, with its short fleshy stein and large 
succulent leaves — gathered into a heart several feet in circum- 
ference — the wild kale (brasica oleracea) or natural cabbage, 
with its tough slender stem and small glaucous (bluej leaf 
which trails among the shingle of the seashore and upon the 
different cliffs of Europe ? Yet this maritime weed is the 
original parent of the garden cabbage, including the savoy, 
cauliflower, and brocolis. Again, who at flrst conld suppose 
that the sloe — the fruit of the common bl sic kt horn— waa the 
antecedent of our delicious purple and yellow plums, or imagine 
that the sour crab of tlie wilderuess, was the source of the 
numberless varieties of apples now cultivated by horticulturists. 

Further, who would conjecture that all the different roses 
that beautify our parterres, originated from the sweet-briar 
and other wild shrubs that are found in the cooler waste parts 
of the globe we inhabit, 

(V.) As regards giants and dwarfs. — The perfection — as to the 
height of the human race — marking health and beauty, is 5 feet 
10 inches for the man, and 5 feet 5 inches, relative to the 
woman. The general stature of mankind of course varies in 
different countries, and most probably originated through cer- 
tain impressions chiefly proceeding from their progenitors and 
modified by external agents. In measuring the Pantagonians 
they were stated by the Spaniards in 1785 to be from 6 feet 8 
inches to 7 feet 2 inches in height. At a later period Captain 
"WaUis afSrmed. that after careful measurement he found them 
to be from 5 feet 10 inches to 6 feet. Individuals are SODjd- 
times met with who greatly exceed the ordinary height. Thus, 
one of the King of Prussia's gigantic guards — a Swede — 
measured 8 feet 6 inches. The skeleton of Charles Bym. 
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went by the name of O'Briau (the cognomen of an Irish race 
of giants), is now in the College of SnvgeoDs, London, he died 
at the age of 22, and measared, when living, S feet i inches. I 
myseit recollect a Mrs. Gunter whose arm, when stretched 
horizontally outwards, I could walk under without touching it, 
my stature being 5 feet 10 inches. 

Belativt to dwarfs. — BufiFon states that Babe, the pigmy, be- 
longing to Stanislaus, King of Poland, was but 23 inches high, 
he Wfts well proportioned and died at 23. Madlle. Crachami, 
the Sicilian dwarf, who died at ten years of age, was only 
inches in height, her skeleton is alao in the College of Surgeo 
" General Tom Thumb '' (whose real name wasTlioniasHa 
man), was 24 inches in height, had light hair, pretty childish 
face, and when 17 years old he only weighed ISlbs, — the size 
of a large leg of mutton. Ho was very intelligent, tractable, 
active, iind amusing, well propOTtionod, and an inveterate 
gambler at cards. Bamum is said to have made .£100,000 by 
the exhibition of his person. It has frequently been noticed 
that both giants and very short people often have offspring of 
simUar stature to themselves, so that a race of men might thus 
arise of extraordinary smallness or leviathan size. The King 
of Prussia had a corps of gigantic guards, consisting of the 
tallest men that could be drawn together from all quarters. A 
regiment of these huge men was stationed, during 50 years, at 
Potsdam. A great nnmber of the present inhabitants of this 
place are of very high stature, which is more especially striking 
in the numerous overgrown figures of women. This is certainly 
owing to the connexions and intermarriages of these tall men 
with the females of the town. 

VI. Hemorrhage, or bleeding.— la some persona there is a 
peculiar disposition to bleeding by reason of their hEemorrhagic 
diathesis (constitution!, Abernethy used to speak of here- 
ditary bleeding families, in all of whom he stated that it was 
extremely difficult to stanch the blood from even the slightest 
■wound. Among these there are many cases where blood is 
poured forth into the interior of the body, without any rupture 
of a vessel. This is called hoemorrhage by exhalation. Blood 
in Buch individuals has been seen flowing even from the skin 
of the face, hands, and feet, Ac. In these cases the surface is 
covered by a dew, as it were, of blood ; if this exudation be 
wiped away, no unnatural appearance is perceptible, but the 
"blood flows again. Spontaneous bleedings also occm- in some 
of these families at regular perimls, from the gums. 
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■ kidnsys, but most frequently from the ■ 



axilltD {arm-pits), c 
stomach and Imigs. 

(VII.) Hybrid igr.Ibris, a mule), amongrelplant, or animal. — 
The characters of the male parent of the mother's first progeny 
show themselves in her subsequent offspring by other males, 
however different these males may be in form or colour. Thus 
a young mare, after producing a female hybrid by the quagga, 
had first a filly, and afterwards a male colt, by a fine black 
Arabian stallion. These both resembled the quagga in the 
dark hne along the back, the stripes traversing the forehead, 
and the bars across the legs ; in the filly, the mane was short 
and stifi, hke that of the quagga : in the male colt, it was 
long, but so stiff as to arch upwards, and hang clear of the 
sides of the neck — in other respects they were nearly pure 
Arabian. This economy ensues among many animals of SJ 
like genus, especially as regards the bird tribe. | 

(Vin.) Permanency of odorous impressions. — Musk is tha 
strongest and most enduring of perfumes, and so subtile that 
everything placed near it becomes infected, and for a long time 
retains the scent ; vessels of silver even, a metal which, aB 
much as, it not more than others, readily becomes purified 
from odorous substances, do not part with the fragrance of 
musk, which may have been placed in them, tor a very long 
time. Its eflects on the nervous system, &c., when fresh, are 
often very violent, causing blood to start from the nose, eyes, 
and ears of those who inhale it, when recently procured from 
the musk-deer. 

(IX.) Endurance of impressiotis made on the 7iervoiis systt 
— Persons who have lost their limbs often entertain the 
that they still possess them, till by their sight, or some otheV' 
meEtns, they correct the erroneous impressions of their sense 
of touch. For example, the constant cry of a patient who has 
just lost the lower extremity, while the stump of the thigh ii 
being dressed is, that the attendants are squeezing his lm( 
cutting his foot, or injuring some other part of the limb, 
he cannot beUeve has been removed. The reason of this i< 
that when the filaments of the nerves in the stump, which 
destined for the knee, &c., are touched, the knee seems to be 
impressed ; when those which are going to the foot are excited, 
this member appears to sufier. So deceptive are these sensa- 
tions, that even years after the loss of tlie limb, or for the rest 
of their lives, persons occasionally endeavour to perform soma 
act. ^if^ the stump which they were accustomed to do wi 
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the part they have lost. After the removal of a limb, people 
sometuneB feel the original pains from which they suffered, 
and more trequently itching sensations, &c., causing them at 
periods to put down their hands to scratch or rub the parts in 
queation.* It should be remembered that all the impressions 
ever made on the body are conveyed to and stamped npon the 
brain, and through it on the mind. And it must not be for- 
gotten, that though the natural material limb is severed from 
the body, the spiritual member still remains attached to the 
inner- man. 

(X..) Tke impressions made 07t certain distinct pwrts of animals 
may be anrnsed into action by external agents. — The severed 
head of a turtle will snap its jaws, if irritated, hours after it 
is cut off. Eedi deprived a large tortoise of its head, without 
which it continued to live for 23 days, but when its fore and 
hind legs were pricked or poked it drew them up with great 
energy, and executed many other movements. He also 
decapitated four other tortoises, and on opening two of them 
12 days afterwards he saw the heart beating and the blood 
enter and leave it. 

(XI.) Persons who have recovered after the bite of a rattle- 
snake, never fail to have annual pains at the time they were 
bitten, (" Penny Cycioptedia," vol. 26, p. 352.) 

(XII.) In many of the lower Crustacea (as the water- 
fleaa. Ice), a single act of fecundation serves to fertilise all the 
egga which the female produces during her whole life, and even 
her female progeny up to the sisth generation have been 
found to be also impregnated, so as to he capable of pro- 
pagating without the male, as in the aphides (plant lice). 

(XIII.) In the year 1791 one of the ewes on the farm of Seth 
"Wright, in the State of Massachuseta, produced a male lamb 
which, from the singular length of its body and shortness of 
its legs, received the name of the otter breed. This physical 
conformation, incapacitating the animal from leaping fences, 
appeared to the fanners around so desirable that they wished 
it continued. Wright determined to breed from this ram. In 
a few yeara he obtained a great number, and, when they 
became capable of breeding with one another, a new strongly 
marked variety, before unknowu to the world, was established. 

■ The ibove reasons given for the cause of the sonsationa in the knee 
ftnd foot after amputatian, in vei; erroneous, Bince there are no filBmentB hx 
the stamp ttint supplies the lower p&rt of the limb, but only the di^ideii 
laige tataa nerre, whiob merely serres aa a condtictar of the iuipreaHLouB 
maJs on the ntiAou.s tlireiuli; lli^it iveie below it. 
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(XIV.) Impressional propensUies derivative or hereilitary. 
In the mongrel race of dogs employed by the inhabitants offl 
the banks of the Magdalena, which are used altnost exclusiveljf * 
in chasing the Mexican musk-boars or the white-lipped pecari^ 
B, peculiar instinct has become hereditary. The addraaa of 
these hounds whilst hunting consists in restraining their 
ardour, and attaching theraBelvea to no pecary in particular, but 
keeping the whole herd in check. Now among these do| 
some are found which, the very first time they are taken 
the woods, act as if well acquainted with this mode 
attack ; whereas a dog of another breed starts forwards at 
once, and is, of course, surrounded by these Mexican musls- 
boara, and whatever may be his strength, is instantly 
destroyed. A similar natural impulse belongs to the progei^ 
of the pointers and setters of this country, which are of 
known to back the game, when taken to the field for the 
time. 

(SV.) It was found that our greyhoonds, when on the moi 
tains of Mexico — 9,000 feet in height — could not support tl 
fatigue of the chase in this attenuated atmosphere; andbefora 
they could come up with their prey, they lay down gasping for 
breath ; but the same animals have produced whelps, which 
have grown up, and are not iu the least degree inconunoded 
by the want of density in the air, but run down the hares 
with aa much ease as the fleetest of their race in Europe. 

(XVI.) Transplanted races of men, after long reaidenea in a 
country, begin to present some of the characters of the 
aborigines, especially their descendants. The negro famihes, 
which have long dwelt with whites as domestics, gradually 
acquire an European-like physiognomy, so that a Dutch negro 
may easily be distinguished from others. 

(XVII.) Shepherd's dogs display an extraordinary heredil 
sagacity respecting their vocation. The descendants of do{ 
to which peculiar tricks have been taught, exhibit an unuBi 
aptitude tor learning the aauie practices. 

(XVIII.) Dogs that have been deprived of their tails 
accident or design, have produced puppies with a s 
deficiency ; cats also, that have lost the same member, 
produce one or two tailless kittens at each litter ; cats, likflH 
wise, with even distorted caudal appendages, have been kno' 
to transmit their deformity to some of their offspring, (I 
Article " Mothers' Marks.") 

[XIX. j A young duck, as soon as it has escaped from it 
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B in the pond, ami will also catch gnata aud flies, 
but give it a waap, and it inunediately, like ita mother, avoids 
an insect, the sting of which would probably kill it. Young 
chiokena, likewiBe, as soon as they are hatched, will take shel- 
ter ander the parent's wings at the presence of a hawk, while 
they show no di-ead at the approach of a turkey or goose, how- 
ever near they may come to them . 

{XX.) Sevival of long past impressions in the human race. — 
Abercrombie relates the circumstance of a young girl, whose 
employment was keeping catile, and who slept for some time — 
much to her own annoyauce — in the room adjoining one occu- 
pied by an itinerant musician. The man, who played exceed- 
ingly well, being an enthusiast in his art, frequently practised 
the greater part of the night, perfoimiug on his violin diffe.'-ent 
compositions, whilst the girl complained bitterly of being kept 
awake by the noise as she called it. Some time aTter -ihis, she 
fell ill aiid was reasoved to the house of a benevolent lady, who 
underiook ibe charge of her. After a time the family ware 
amazed by fi-equeutiy heaiing most exquisite mnnic in the 
night, wbii;h they au length discovered to proceed from the girl. 
The sounds were those of a viohn, and the tuning and other 
preliminary pi-oceasas were accurately imitated. She went 
through long and elaborate pieces, and afterwards was heard 
imitating, in the SD.aie way, the sobods of aj old pianofoiie 
that was in the hoLise. (See Article " aouud.") 

Dr. Steinbech mentions the case of a clergymati, who being 
summoned to & dying peasant, found him praying aloud in 
Greek arid Hebrew, a mystery explained by the ci^-'imnstanoe 
of his liaving, when a child, frequeutly heaid tbe miuisuer of 
the pariah praying in these langiiages. He had, however, never 
understood the oiisons, or indeed paid any attantion to them 
aiali less had he beeu aware that they lived in his memoiy. 

When a student at the Hospital, 1 recollect an elderly 
woman who, during her iiluessi, became deiiiious, and whilst io 
this slate she kept „all>.iiig to herself in some gutiui al language, 
which the persons present did not anderBtand, It Boho.ppenerl 
thai a nurse frooi a distant ward cauie io the "jedside of the 
patieut, aud Piter hsteuing \.o her for a iime discovered that 
the invalid was speaking the Weiuli diale:!:. When the patient 
recovered from her illness this said nurse oaa day addressed 
the woman, that had been delirious, in her own language, but 
the patieut ouly stared at the inbei'lojutor without comprohen- 
It afterwards turned out that Lue sick person in question 
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left Wales when a little girl, and had BubBequently forgotten 
every vestige of her native language. 

Another eKtra,ordinary instance is related of a lady bom i 
India, and brought up till she was ais yeara old by a Hindc 
nurse. This lady, during an attack of fever — when 27 years 
of age — forgot the Bngliah language entirely, and for Bome 
time could speak nothing but Hiudostani, of which ahe bad 
previously lost the memory of even the very aound. 

(XXI.) Events are inypresscd or tconographed {imaged)o 
OUT surroMTtiitnys.— Abercroni-bie mentions the case of a lady^ 
who in the last stage of a disease, was taken from London t 
the country ; to this place of residence her little daughter wafl 
carried, who after a short interview, was borne back to law. 
A few days after this event tlie lady died. The child in ques-' 
tion grew up to a matiu-e age without any recollection of her 
mother. At this period of life she happened to be taken into 
the room in which her pajent expired, without knowing it to 
have been so ; she started on entering the chamber, and, when 
a friend who was with her, asked the cause of her extreme 
agitation she replied, " I have a distinct impression of having 
been in this room before, and that a lady, who lay in that cor- 
ner, and seemed very ill, leaned over me and wept." A clair- 
voyant would have seen and described thii chamber-event with 
all its bearings, because every passing incident that can tran- 
spire is imaged on its surroundings, which fact is evidenced 
when occurrences take place before sensitive surfaces, as wit- 
nessed in the process of daguerreotyping. Now the above cir- 
cumstances, as well as being pictured on the walls, Ac, were 
also at the same moment impressed —when she was a child — 
on the lady's brain or rather upon her inner self-hood, and on 
her coming into the room in question — when a woman — the 
original representations were aroused into action by a double 
influence, first by the operation of the pictured scene resident 
in the bedchamber, and secondly by her maternal sympathies 
— hence the acuteneas of her feehngs. 

(XXII.) A boy, four years of age, received a fracture of the 
skull, for which he was trepanned. At the time of the opera- 
tion, being in a state of perfect etopor, of course he was un- 
conscious of the surgical appliance. After his recovery he re- 
tained no recollection, either of the accident or the trepanning. 
At the age of 15, during the delirium of a fever, he gave his 
mother an account of the operation and the persons who were 
present at it, with a correct description of their dress and otboi 
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raintlte particnlarB. He had never been observed to allude to 
it before, and no means were known by which he could have 
acquired the circumstances which he mentioned. 

fXXIII,) DescBiU of impressions in regard to mankind. — Dr. 
Prichard cites examples where the peculiarities of the parents 
have been transmitted to the offspring, as where children, 
entirely wbite or perfectly black, have sprung from the union 
of the European and the negro. Sometimes colour or other 
anomalies of one parent, after having failed to show themselves 
in the immediate progeny, reappear in a subsequent generation, 
aa where a fair child is born of two black parents, the grand- 
father having been a white. 

(XXIV.) Mr. Carlile quotes easea where the members of 
certain famihea had supernumerary fingers and toes through 
three or four generations. (Phil. Trans, v. I. p. 486.) 

(XXV.) There is a family in Korth America, some indi- 
viduals of which have been aftected with blindness for the last 
hundred years. Family character, like a family face, will 
often be lost in one generation, and appear again in another. 
Beauty of form and feature ara derivative aa seen in the 
Georgians and Circassians. 

(XXVI.) Hereditary ftafiiis.— Saturday night's children, or 
those begotten when the parent was inebriated, often prove to 
be drunkards and defective in intellect : wherefore Diogenes 
said to a striphng — somewhat crack-brained and half-witted, 
" Surely, young man, thy father begot thee when he Mfas intoii- 
cated." (Plutarch's " Morals.") 

Eaquirol relates that the children, whose existence dated 
from the horrors of the first French Revolution, turned out to 
be weak, nervous, and irritable in mind, extremely susceptible 
of impresaions, and liable to be thrown by any extraordinary 
excitement into a state of insanity. 

Sbakspere seems to recognise the law of the transmission 
of temporary mental qualities. Thus in Coriolanua we find 
the following passage. 

" Come on, je covards, ya vere got in tenr, 
I'hongL je were born in Rome." 

(XXVII.) Children often possess the make and fashion of 
the body peculiar to one or other of their parents. Haalam 
quotes examples, where the son had the gait, voice, and hand- 
writing of hia father, though the male parent died before his 
Bon had been taught the use of the pen, and probably never saw 
the handwriting of his father. 
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(XXVin.) Impressions made by the ayiitact and tven presen^^ 
of things. — Baron Eeichenbach, throiigh innumerable esperi- 
ments, proved that by toucbing different bodies witb a magnet 
or the apex of a crystal, his patients became influenced by the 
presence of substances so treated, and especially on coming in 
contact with them. I have many timea witnessed my clair- 
voyants to be capable of the same auscBptibilities, and also 
known them proclaim the portions of the things that certain 
persons had touched, and they likewise became influenced by 
the characters of those individuals who had been near, and 
especially if they placed their fingers on the substances in 
question. Moreover they could even record the observations 
the different parties had made whilst manipulating these said 
objects. Further. I have at periods solicited different peopla 
to breathe over certain surfaces, as a sheet of paper or other 
fabric, and when these substances were afterwards presented 
to my clairvoyants, they have immediately discovered and 
■ described the features of the person whose breath had passed 
I over these materials. I have also known them even name the 
parties — if known to them — whose face was thus pictured on 
the articles so treated. Again, some lucid individuals wars 
found capable of giving the history of the things that particular 
objects had come in contact with or even been near. I might 
here mention that whilst I was mesmerising water my clair- 
voyants could see the animal magnetic fluid of my body 
escape from the ends of my fingers into the glass, they coujd 
likewise perceive that the streams from my digits sank to 1' 
bottom of the water, and after a time they would exclaim, t' 
the fluid bursting from my hand was running over 1iie etlgi 
ef the vessel on to the table. This fact would point out that tlu 
\ taiimal magnetic principle obeyed the so-called laws of gravitj^fl 
\ Further, I with many of my visitors have at difterant periw 
knovm Major Buckley, Dr. Asbbumer, and others, write witl|| 
their fingers on the ground or elsewhere, a certain name C 
sentence, which at a future time my patients could read as if! 
written with ink ou a white surface. Nay, I have witnessedj 
the above gentlemen effect this feat by the mere efforli of thai 
will, and again, lucid individuals codd, at a subsequeut period; fl 
dadphir these mind-writteti ebai-aclers. ^Sea my work i 
"Will-Abihty.") 

(SXIX..) When a new nose is made, by parUy detachi^ya 
tmd bringing down a piece of skin from the forehead, 
patient at first feels, when arything touches the tip of 1 
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reflMif^ftsft!' Organ, as if the contact were really made with the 
upper part of hia fovehead. This fact is a very evident proof 
that former impress'oo.s can be made evident tn the senses, 

(XXX.) Dr. Perceval m^itioas the ease of a sniiff-taking 
counteBS, in whom, whea seized with apoplexy, irritation of 
the nose with a feather produced con l.ractiion of the forefinger 
and thnmh of the right hand, Mr. Travers has recorded a 
similar fact in the case of a boy, wlio, when apparently insen- 
sible from depressed fracture of the sltull, assisted in 
removing his clothes, pi'epfti-atoi-ily to the Mqnired operation. 

{XXXI.) There are cm infinite rv-risiy 0/ penonal characUr. 
— Impressed on every individual , more or less, are the pecnliar 
characteristics of his immediate progeni'iors. Thus each man 
has certain apparently fixed p'-edispof-itions which incline him 
to the identical pursuits and habits of thought that give him 
all the strongly-marked ehp,_'itcl;eiisi.i';8 foi' which his parents 
were distinguished. 

Circumstances of binh, eoeieiy, and cnlture are en- 
gaged in forming, defouiiiig, or refoiTniog the man; yet, 
remaining through all these, can be seen the direcuion and 
peetiliarity of heredita-j-y charactar. Aud lO whatever direc- 
tion this may tend, that way will each ahihiry and faculty 
incline, and thus go on to some extreme poiL't, where a com- 
plete phenomenon will ha presented. In some instances we 
find the barren idiot, in Othera, the fertile philoMpher. Hence 
we have had, and A\\l have, men celebrated for stupendouB 
talents in certain depa'-iUioiiU, sjc'i as mechanics; poetry, 
astronomy, and general philosophy. When we read of men 
having any of these ahili;iesremdri:ably developed, or witness 
them in their moments ot maizes ^iatioc, we are impressed to 
refer them to superuatura' ageiicies. But OAteE if we search 
deeply they declare themselves as out-bii^hs and legitimate 
consequences of some distirtct or pro:dmate causes. In fact, 
rnaTi is a combination of Impressible m.iLerlals. He is so 
tenderly constructed that everylliiijg which he comes near or 
in contact with, stamps its likeness upon him. So likewise is 
the mind influenced by prevailing coDvic-tions, and even 
opinioDS, The most susceptible minds are the first to be im- 
pressed ; hut every class or structure of mental organisation 
is to some deyree iuflueuced by those doctrines which receive 
the general consent of the community. Man does not yet 
know that he is moulded into any shape ; or, more properly, 
that he is tnagnctised into vaiioua states of thought and feel- 
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ing, by the positive influence of things, circumstances, 
opinions, which preponderate in society. Man ia not aware 
that he is almost as much uudei' the control of education, 
situation, pride, reputation, as the soft clay is under the away 
of the potter's hand. Notwithstanding his ignorance of these 
things, they are absolutely true. 

(XXXn.) James the First of England had always a horror 
of a drawn sword. This feeling resulted from his mother, 
Queen Mary, having seen when pregnant the royal assastins, 
headed by her husband, rush with naked blades into the 
cabinet where she was supping in company with her accom- 
plished musician, Kizzio, and lri)i him before her eyes. 

(SXXXII.) If chloride oi barium is put upon a plate in a 
darkened room, and the hand be placed beneath it, so soon as 
the warmth of the hand has penetrated the utensil, the form 
of this member ia seen delineated oii the upper surface of the 
plate. 

(XXXIV. J People liaving been sent into the mesmeric sleep 
at a certain hour, have, subaequeutly, often become somnolent 
at the same period of the day for weeks afterwards without 
being again magnetised. My friend, Major Buckley, once Bent| 
a gentleman's dog into the mesmeric sleep on the hearlh-rug,( 
and the animal continued to fall into a state of sound repoBS 
at the same period of the day for a long time. The master of 
the animal was accustomed to laugh at animal magnetism, 
and yet he accused the Major of having spoilt his canine com- 
panion. 

(XXSV.) The Bev. Mr. Townshend states that one of hJB 
naesmeric patients could, when five or six pocket-handker- 
chiefs of the persons present were mised together, quickly and 
correctly restore each to the owner. 

(XXXYI.) Many mesmerisers and nibbers acquire the paina 
situated in the manipulated parts of their patients, and would 
often communicate them to other persons whom they after- 
wards placed their hands near or upon, like certain coatagiowB 
maladies. 

XXXVII.) Dr. Gregory relates that he could breathe a 
dream into a glove and send it to a lady, who on the night of 
the day, after putting it on, would have in her sleep the vision 
he had impressed upon this article of her dress. 

(XXXVIII.) Mr. Barth mentions that his patients, 'wbes 
in the sleep-waking state (and some few in their normal con- 
dition, if in darkness), could see the animal magnetic elemeal 
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upon objeetB that had been meBmerised. They described it as 
like spangles, or a luminous mist. Many persons, he continues, 
can perceive a difference of taste in mesnieriaed water when 
compared with that fluid which has not been magnetically 
manipulated, Mr. B. further relates that he knew a suscep- 
tible gentleman, who when on a visit, requested a young lady 
at the house to mesmerise him some water, showing her how 
to do it. On sipping the liquid in question, he found that it 
had a. very strong flavour of brimstone, so much so, that he 
could scarcely drink it. On naming it, he discovered that the 
lady at this time had been taking brimstone and treacle. 
Some persons who readily discern the taste of things, declare 
magnetised water to ba rather diBagreeahlo, saying it had a 
metalhc taste, or was like ink and other resemblances. Sleep- 
walkers relish this water much, if mesmerised by their own 
manipulator, or by some person they like, whose influence is 
agreeable to them. If their own magnetiaer has made passes 
over it, they at once perceive the fact. Indeed they can dis- 
tinguish if the impression, which they may see on any mes- 
merised object, is that appertaining to their own magnetiser, 
or belonging to some other person. Dr. Storer, of Bristol, once 
called on Mr. Barth and solicited to see one of his patients, 
The Doctor, when in the consulting room, purposely made a 
few passes over the seat of a certain chair, after which process 
Mr, B. sent for a Miss Fletcher, one of his sleep-walkers, who 
was requested to place herself in the seat so manipulated, 
which she did. Dr. S. and Mr, IB. then recommenced their 
conversation, taking no notice of the patient in question, who 
soon passed into the somnambulistic state. On inquiring why 
she was asleep, the lady laughed, and replied that " the gen- 
tleman visitor had mesmerised the seat." " How do yon 
know that ?" inquired Mr. B. " I see and feel the iufiuence 
on my chair, and it ia not hke youra," was the reply. Mr. 
Barth, in continuation, relates that after manipulating certain 
persons, be sometimes became very indisposed, and to get rid 
of the influence, ha baa at times mesmerised his dog or eat, 
and thus relieved his oppression ; but he always noticed after 
operating on these animals that they became Indisposed, and 
would not eat, though he tempted them with meat and milk. 
" If," observes Mr. B., " I sohcited the dog, gun in hand, to 
go oat, he followed readily for a little way, and then dropped 
hia head and tail, and afterwards crawled home," 

(XXXIX.) Spectral iUuiions are aometimea the result of 
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former mind impressiims. — Dr. Wemer states that Prolessor 
I Happach had &ii elderly maid-serrBitt, who was in the habit 
I of coniiiig every luoming to call him, and on entering the room, 
which he generally heard her do, she usually looked at a cloofc 
that stood under the mirror. One mornins; she entared, ulibj 
supposed, his bedchamber, but so softly that though he thonglM 
he Baw her, he did not hear her footfall, she appeared to go, on 
was her custom, to the clock, but ou coming to his beduds, 
she suddenly ttirnod round and left the room. He called aft« 
her, but as she did not answer, he jumped out ofbed and pursued 
her, but could not see her, however, tilt reaching her room, 
where he found Lis seivant iast asleep in bed. Subseqnently 
the same thing at times occurred again. 

(XL.) It is reported of Captain C. that he on a particular 
occasion went to see his coufessor, who he found was very ill, 
which circumstance preyed upon his mind all the day, until 
the hour of retiring to bed, when, to his great astonishment, 
he saw in the room the figuie of tije priest. He proceeded 
address hijn, but received cio answer, At last the capti 
advanced on the phantom, ^vhich seemed to sink into 
chair. To ascertain positively the nature of the figure, tJie 
soldier sab down in the some seat, thus ascertaining tb at it 
was an iJluaion. The conlessor afterwards recovered, so as 
Dr. Johnson says " noching came of it." The Germans and 
Austrians, with many other nations, both in olden and modem 
times, speak of the double of a person, or the dappelganger of 
the Swedes, or the second self, which was often seen by several 
.persons at the saiTie time. The evidence of this phenomenon 
jfi " too load," as the Greeks express it, not to have a founda- 
tion, *' There are more things in heaven and on earth thab 
we dream of in our philosophy." 

(XLI.) There have hved, and still exist, individual! 
especially among the Afiicaus — who can follow, for 
diatances, the footsteps of certain characters, partiouli 
murderers. This capabihty of recognising I 
left on matter, chiefly appertains to animals, as f( 
witnessed izi the domestic dog. 

(XLII.) The capabilities of our forefathers crop out thrott 
many generations. — Thus, the descendants of the Noi 
American Indians and natives of New HoJland, like 
creatures of the wilds, never lose 'their way— not 
young offspring — when treading the pathless forest or bi 
waste. Again, the intellectual faculties of persona, deve! 
by auUivation, are often tra.nsmittcd to their descendants. 
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(XLTTI.) The issue of foxes, bred in a hunting country, are 
more cunning than those reared where this very cruel pastime 
is not practised. 

(XLIV.) People who have chased the land crab relate, that 
when it clasps the hand of the pursuer, it shakes off its claw, 
which member continues to squeeze the would-be captor with 
incredible energy for some time after the separation of the 
limb from the body. 

(XLV.) The results of vaccination have very greatly modified 
the effects of small-pox, and the external character of the 
human race. 

(XLVI.) All things, says Emerson, are engaged in writing 
Nature's history. 
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(426.) Impressions made on, -pregnant animah conveyed to their 
offspring. — Marks cotnmimieated thi'ough emotional impi-es- 
Bions by mothers to their progeny, during pregnancy, ara by 
no means rare. Among these, as regards the human race, we 
sometimes find images of oertain things, colours of animals, 
frnit, and other suhstanceSj stamped, as it were, on the cliild, 
also prints of the hand on the very parts where the pregnant 
woman has been suddenly touched. Even deprivation of 
ticular members of the body and other malformations ensi 
from the sight of these personal deficiencies, and sometimi 
representations of diseased parts are depicted. These ft 
testify to the truth of the capabihty of the mother to form, 
rather produce effects upon her offspring whilst in the wombi 
The Eomans and Greeks were well aware of the influence 
external agencies on the minds of matrons as regards their'' 
progeny, hence they justly behoved that if they surrounded 
ladies, when pregnant, with happy circumstances, beautiful 
beings and objects, they should promote symmetry otform and 
comeliness of features. 

" Could a woman " — suggests Lavater — " keep an accurate 
register of what happened, in emotional moments, during her 
state of pregnancy, she might probably be able to foretell the 
chief incidents, philosophical, moral, intellectual, and physiog- 
nomical (face features) which should appertain or happen to 
her child. Imagination, actuated by desu'e, love, or hatred, 
may with more than lightning-swiftness, kill or enliven, 
diminish, enlarge, or impregnate the organised child in the 
■womb, with the germ of amplifying or lessening wisdom 
folly, death or life, which shall first be unfolded at a certi 
time, and under particular circumstances. The hitherto 
explained, but sometimes decisive and revealed, creative 
changing abihty of the soul, may be in its essence identically 
the same with what is called a faith-working miiacte, which 
latter may be developed ajid increased by external cai 
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wherever they esist, but cannot be communicated where they 

(a.) A pregnant woman was engaged at a card party, and 
only wanted the ace of spades to win all that was staked, and, 
as it happened, in the change of cards, the bo -much- wished -for 
ace was given her. The joy of this succeBs had snch an effect 
upon her imagination tliat the child, when bom, had the ace 
of spades depicted in the pupil of the eye, and without injury 
to the organ of sight. (Lavater.) 

(b.) A lady in Eheinthal had, during her pregnancy, a desire 
to see the esecution of a man who was sentenced to have bis 
right hand cut off before he was beheaded. She saw this 
member severed from the body, and instantly turned away and 
went home without waiting to see the death that was to 
foUow. This lady bore a daughter, who is still living ; she 
had only one hand. The right hand came away with the 
after-birth. (Lavater.) 

(c.) A girl who was taken about as a show, was spotted with 
hair like a deer, and particularly remarkable for the spongy 
excrescences on her back, which were also thinly overgrown 
with deer-coloured hair. Her mother, during pregnancy, had 
quarrelled with a neighbour coaeerniug a stag, which was 
flayed in her presence. Tlie colour and growth of this child's 
hair was also like that of the stsig. (Lavater.) 

(d ) *' There was once," says Voltaire, ■'introduced, in my 
presence, into the court of a pregnant "woman, a showman, 
who exhibited a little dancing dog vrith a kind of red bonuet 
on its head. The woman called out to have the figure re- 
moved ; she declared that her child would be marked like it ; 
she even wept, and nothing could restrain her confidence and 
peace. ' This is the second time,' she said, ' that such a mis- 
fortune has befallen me. My first child bears the impression 
of a similar terror that I was exposed to ; I feel extremely 
weak; I know that some misfortune will reach me.' Tlie 
woman was hut too correct in her prediction. She was delivered 
of a child similar to the figure which had so terrified her. 
The bonnet was particularly aiatinguishable. The little 
creature lived two days." " In the time of Malebranche," con- 
tinues Voltaire, "no one entertained the slightest doubt of the 
adventure which he relates, of a woman who, after seeing a 
criminal racked, was delivered of a son whose limbs were 
broken in the same places in which the malefactor had 
received the blows of the execationer. All the physicians at 
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the time were agreed that the imagination had produced the] 
fatal effect npon her offspriDg." 

It has been asked, in what way do yon euppose the affectio] 
of a mother should operate to derange the members of tl 
child in the womb? " Of that I know nothing," eselaima 
Voltaire, " but I have witnassed the fact. You new-fangled 
philosophers enquire and study how an infant is formed, and 
yet require me to know how it becomes deformed." (Voltaire, 
V. 2, p. 63.) 

(e.) An infant recently bom in Cardiff has distinctl] 
marked upon his forehead a balloon and car in which perso] 
aflcend. The mother witnessed a balloon ascent in liondon 
some montha ago, and was apprehensive of the atrial voyager's 
Baf ety, {Local Paper) . 

(/.) We have demonstrative evidence that a fit of paseionin 
a nurse vitiates the quahty of the milk, bo as to cause coHc 
and indigestion, or even death of the suckling infant. If in 
the child already bom, and so far independent of its parent, 
the relation between the two is thus strong, is it unreasonable 
to suppose that it should be yet more predominant when the 
child lies in the mother's womb, is nourished indirectly by its 
parent's blood, and is, to aU intents and purposes, a part of 
her own body ? If a sudden and energetic emotion of her own 
mind exerts such an influence upon her stomach as to excite 
immediate vomiting, and upon her heart as almost to arrest 
its motion and induce fainting, canwebeheve that it vrillhave 
no effect on her womb and the fragile being contained 
it? Facts and reason, then, alike demonstrate the reality 
the iniluence, and much practical advantage would result 
both parent and child were the conditions and extent of _ 
operations better understood. Among facts of this class, theto 
is none more striking than that of Baron Percy, who relates 
that after the seige of Landau, in 1793, that in addition to the 
violent cannonading, which kept the women in a constant 
state of alaim, the arsenal blew up with a terrific explosion, 
which few could hear with unshaken nerves. Out of ninety- 
two children bom in that district within a few months 
afterwards, the Baron states, that sixteen died at the instant 
after birth, thirty-three languished from eight to ten months, 
and then died, eight became Idiotic and died before the age of 
five years, and two were born with numerous fi-actures of the 
bones of the hnibs, caused by the cannonading and explosion. 
These results ensued throngh the medium of the mothers' 
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alarm and the natural consequences upon her organisation. 
These facts are on too large a scale to be set down as mere 
" coincidences." (Dr. Carpenter). 

(3.) Mr. Combe, in his " Constitution of Man," relates that a 
shoemaker called at his house and showed liim his son, aged 
18, who was in a state of idiotcy. The father said that his 
wUe was of sound mind, and that he had three children which 
were of good intellect. The only account he could give of the 
condition of this son was, that be once kept a puhhc-house, 
and some months before the birth of the boy an idiot lad came 
round with a brewer's drayman and helped him to lift the 
casks off the cart, and that the idiot made a strong impression 
on his wife, so that she complained of not being able to get his 
appearance removed from her mind. His son, he said, was 
weak in body from birth, and eiUy of intellect, and had the 
slouched and slovenly appearance of an imbecile. 

(fe.) I once knew a Mr. Wright, of Sodbury, who was known 
by the name of " cat-eyed "Wright." The pupils of the eyes of 
this gentleman ■were elongated like those appertaining to the 
domestic cat. His mother stated to me that this result ensued 
through her one day, when pregnant, watching, with a kind of 
emotion, the action of the sun on the eyes of this animal. 

(i.) Mr, Catell— one of my pupils — saw, December 3rd, 1853, 
the offspring of a woman, brought by herself — to fulfil the 
order of Mr, Furgusou — to King's College. This child, in 
appearance, resembled a cat. The woman accounted for the 
malformation from the circmnstance of her being frightened by 
this animal. Mr. P., whilst addressing his auditors, remarked 
that " children were said to be like angels, but this monster 
resembled a demon." 

(;.) Dr. James Blundell, obatatric (relating to midwifery) 
lecturer at Guy's Hospital, showed me one day at his house a 
preparation preserved in spirits, and asked what it resembled 
I proclaimed it to be a kitten's body, but the head simulated 
that of a parrot. The Doctor then stated that the mother-cat 
was when pregnant bitten by that bird, and the preparation 
before me was the result. Dr. B. then showed me another 
object also preserved in spirits, and he requested to know what 
animal I would liken it to. I exclaimed that it resembled a 
very large toad. The Doctor then related that a woman gave 
birth to the anomaly before me, after being terribly frightened 
by this batrachian reptile, which leaped from under a stone 
she was lifting from the ground. 
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(k,) In the year 1820, when residing in Berkely, Gloucester* 
shire, I remember that the wife of Lieutenant Gafrick, was 
deUvered of a child minus the right hand and part of the fore- 
arm. The lady stated that when pregnant she received a 
shock on beholding a man by the name of John Workman, 
who suddenly exposed to her view the stump of his arm that 
had been originally torn off by the machinery at the oil millfl 
of the town. 
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ESTEBNAL AGENTS AND THEIE MODIFYING 
EFFECTS. 



(427.) All ponderable and imponderable bodiea are con- 
tinually modified throughout every stage of their being, byexter- 
nal unduiatory agents. These qualifying influeucea — whether 
inborn or acquired — vary in their intensity, accordingly as they 
are proximate or distant ; but be they near or far, these phy- 
sical agents control, more or less, the development as well ae the 
degenerationofeveryentityintheuniverse.Further, these pulsa- 
tory attributes ever issuing from aurrounding existences, preside, 
in varying degree, over the animal, vegetable, and even the 
mineral world, influencing by their operation, the great as well 
as the moat minute productions of Nature, promoting or retard- 
ing — according to time and circumstances — the formation and 
decay of all organic and inorganic bodies. Moreover the 
chemical action of materials, whether uniting or separating 
from each other, ia modified bv these unduiatory properties. 

(I.) The reflective faculties force upon ua the conviction that 
we become the beings we are through the qualifying circum- 
stances we may have been subjected to during our existence. 
These prompting contingencies, ty their sway, modify the 
cerebral organization, and thus give rise to our propensities, 
for the brain-organs of man are especially operated upon, and 
even moulded — so to apeak — by the influence of external 
agents. Further, the phrenological developments, by their 
innate vital action, give rise to our inclinations, which are in- 
dulged in according to the predominance of the organs that 
gave rise to them. Thus the individual with a good organiza- 
tion is governed by the useful and beneficent occurrencea of 
life, whilst the person with a bad cerebration is ruled by the 
baneful events that may environ him. 

(II.) Men, saya Condillac, are ignorant of what they can do 
so long as experience has not led them to take notice of what 
they actually do from Nature only. Hence they have never 
effected by design, anything but what they had already done, 
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even without intending it. Men never thought of making 
analyses, until they found they had effected them. They were 
not informed of proclaiming by the language of action to make 
themselves understood, till they became aware that they were 
comprehended. In like manner, they would never have 
dreamt of speaking with articulate sounds, unless they had ob- 
served that they could converse with such sounds ; and lan- 
guages have commenced without any design of making them. 
It is thus that men have been orators and poets without think- 
ing of being such. In a word, all that they have become first 
belonged to Nature alone, and they have not studied to be 
such, until they had noticed what Nature herself led them to 
do. She has commenced everything, and always well. If 
laws," continues Condillac, " are not conventional or agreed 
on, they are then arbitrary I There may have been despotic 
ones, but those which determine whether our actions are good 
or evil, are not such, nor can they be of that kind. They, the 
decrees, are indeed, our work, because they are agreements 
which we have made. But we have not produced them alone. 
Nature accompHshed them with us. She dictated them, and 
we were incapable of making others. The wants and faculties 
of man being given, the laws themselves are bestowed ; and 
though we make them. Nature, who has created us with such 
wants and faculties, is, in truth, our sole legislator. In follow- 
ing these laws thus confirmed to our system, it is Nature whom 
we obey, and this is what constitutes the morali y of actions. 

(III.) Persons who lose their sight, are at first, inconsolable ; 
the remembrance of ideas transmitted to them by vision is 
still recent, but by degrees they are reconciled, undoubtedly 
because they become accustomed to their misfortune, but pro- 
bably also, partly from the organs of sight becoming more and 
more weakened, the ideas which are gained by it are enfeebled 
in the same proportion. When at length the eyes are entirely 
destroyed, after a time the impressions, which depended upon 
sight, are equally annihilated, and even the remembrance of 
these images lost. Darwin quotes the following examples : 
** A man 60 years old became deaf at 30. He appeared to be 
very intelligent, and amused himself with reading, conversa- 
tion, and writing, or by making signs with his fingers to repre- 
sent letters. I observed that he had forgotton the pronuncia- 
tion of his language so far, that when he attempted to speak he 
articulated no word distinctly. His relations, however, could 
sometimes understand what he would say. He told me that 
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in his dreams he always iiaagiDed that people conversed with 
him by writing or by Bigna, and no one ever appeared to speak 
to him. Hence it would seem that with the perception of 
sonnds, he had also lost the idea ot tlie intonations them.selveB, 
although the;3rganB ot speech had still preserved a feeble re- 
mainder of their ordinary habit of articulation." " I had 
occasion to conversa with two men," continues Darwin, 
" who had been bhnd for some years. Both told me that they 
never remembered having dreamed of visible objects after they 
became totally blind." 

(TV.) The skulls of persons who have been blind for a 
period become depressed over the perceptive faculties, showing 
that these organs have shrunk from not being exercised. On 
the oontraiy, the perceptive faculties of infanta are excited to 
enlarge, more rapidly through external agents, than any other 
part ot the brain. The forehead of the child, from its pre- 
vious flattened form, projects forwards, and it begins to fix its 
attention upon outward things, to compare them, to form 
abstract ideas, and to generalise. (" Gall," v. 2, p. 100.) 

(V.) Injuries to the head have been known to awaken the 
faculties of certain organs o! the brain. Haller mentions an 
instance of a person born an idiot, who by a wound on the 
head was cured of his imbecihty, but relapsed into his former 
state after the wound had cicatrised. Boerhave reports the 
case of a boy of small capacity who had liis abilities developed 
by a fall. 

(VI.) Those persona who are incited to employ only one or 
two organs of the brain are prone to madness or an early 
death, as is the case sometimes with ardent priests, great com- 
posing musicians, and sensitive ideal poets ; on the contrary, 
philosophers, who exercise most or all the developments of the 
aeasorium, die sane, and live to advanced ages. 

(VH.) Different divisions of the brain preside over and 
stimulate separate portions of the body, and when certain 
phrenological organs are disordered by over action, or become 
diseased by adventitious circumstances, they induce various 
maladies in particular tissues and certain distinct viscera. 

(Vm.) The propensities of animals are subject to the 
control of the seasons. Thus, the inclination for singing, 
coupling, building, and providing for the future, &c., are some- 
times in a state of activity, and at other periods in the con- 
dition of almost absolute repoae. Some creatures lose a 
oortion of their propensities when their food is altered, or if 
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the frigid regions he ie dull, stupid, and moderate in hla pacific 
desires. "When situated heneath hot sunny skieB he is violent 
in his affections, feeble in judgment, and given to animal 
pleasures ; amid both extremes he manifests a mercenary soul. 
It is to the southern nations of Europe, both ancient and 
modem, that we are indebted for the invention and embellish- 
ment of that mythology, and certain ancient traditions, which 
even now present the most fertile field for the imagination, and 
an inexhaustible source of poetical allusions. We owe to them 
the romances of chivalry, and those succeeding models of a 
more rational style, by which the fancies are escited and 
elevated, and the spirit purified. The northern countries have 
been more fruitful in the productions of industry, and it is 
there that the sciences have received their most valuable 
additions ; the efforts of imagination and of feeling have been 
more successful and common in the south. While the borders 
of the Baltic were made illustrious by the labours of Coper- 
nicus, Tycho Brahe, and Kepler, those of the Mediterranean 
produced men of genius in ail departments, and abounded in 
poets and historians, as well as in philosophers. 

The burning desires, the fiery passions, which are enkindled 
between the sexes in one climate, shrink into cold regard in 
another, or reciprocal pardon for mutua! disgusts. One is 
struck by this difference when croesing the Mediterranean, on 
ascending the Mississippi, in crossing the mountains of 
Caucasus, and on passing the Alps, and the Pyrenees to the 
Baltic Sea. 

On the frontiers of Louisiana woman governs by the double 
ascendency of superstition and passion. Among the natives of 
Canada it is said that she is a slave, and is valued only for her 
labours and domestic duties which are her lot. 

l^SIV.) Electrical states of the atmosphere have a remark- 
able influence on certain individuals, waking up strange 
sensations and oppressive feelLugs. Again, electricity hastens 
the growth of tbe vegetable world. Thiis, some plants have 
been known to increase in a most extraordinary manner during 
thunder weather. 

(XV.) Owing to the great dissimilarity of the nervous system, 
and to the different degrees of physical and mental refinement 
to which individuals have attained, si7iiilar objects do not 
cause every person to experience tlie same corporeal sensations 
or moral emotions. Some aensitivo individuals will turn sick 
on beholding blood, others faint at the sight of a wound. A 
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beautiful structure will transport some minda with inexpressiblfti' 
delight, and it ia exceedingly painful for aucli to gaze upon 
deformity. The hiunan bouI ca,a by necessity become accus- 
tomed to disproportions ; but health and harmony demand 
everything congenial with internal principles. The form o( 
the globe, the angularities of the crystal, the characteristics of 
the vegetable and aniniaJ ; and the syinwietrical beauty of the 
human form, are the reanlte of Nature's economy acting on 
man and each esiateuee that surrounds him. 

{XVI. ) The hviug principle of the human race iB surrounded 
by milhona of influences, which are adequate to the develop- 
ment of mental and then physical afQictions. First, man 
inherits a diathesis (atate of body) which is predisposed to some 
particular local manifeatatioit of diaeaae ; second, he is subject 
to numerous diversified accidents, lesious or injuries ; third, he 
is particularly iniluenced by the electrical and magnetic 
elements that may surrouad him ; fourth, he ia a&'ected by 
occupation, or by hia employments ; fifth, by situation ; sixth, 
by habits ; and lastly by mental disturbances. It should he 
remembered that the soul, and not the body, is first affected by 
these influences ; that sometimes they act individually, and at 
other periods in a state of concentrated combination, and that 
the legitimate consequences thereof are faithfully recorded 
upon the dependent system. 

(Xm.) Gircuvistances often incite certain persons to si 
destruction. "I have known," says Voltaire, "women 
themselves for the most stupid men imaginable." 

(XVni.) Locke demonstrated that man has no innate ideas 
or principles ; how necessary then to instil just images and 
sound elements into the mind as soon as it acquires the use of 
its faculties, There is no inborn knowledge, for the same reason 
that there is no tree that bears leaves and fruit when it first 
starts above the earth. Nothing is inbred or fully developed 
in the first instance, aU is unfolded tlirough external agents. 

(XIX,) Fright often changes the organic temperature, and 
confuses the raotious of the formative atoms of the body, so 
as sometimes to change the hair to a perfectly white state. 
Fear developes various disorders, and even diseases, as hysteria, 
madness, and even death, Fear acts upon the bowels, as well 
knovm to men when going into the field of battle. The 
tion of bad personal news produces the same effect. 

Voltaire relates that he once saw at a fair a young woi 
with lour nipples, or rather dugs, and in addition wbat 
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aembled the taO of a cow hanging down between thera. She 
was decidedly a monster when she displayed her chest, but 
was rather — he continues— an Etgreeable woman in appearance 
when she concealed her bosom. The mother had been 
frightened by a cow. 

Dr. Prichard relates the caae of a lady who was suddenly 
frightened hy a negro, and she gave birth to a child covered 
by large black blotches. Another case ia reported by Dr. 
Antonio, where a lizard jumped into the bosom of a pregnant 
woman, whoso child had a. fleshy excrescence like that animal 
growing from its breast, to which it adhered by the neck- Mr, 
Grant reports the case of a lady who gave birth to an infant 
covered with hair, and the claws of a bear, from contemplating 
this animal in a picture. I myself once knew a man who 
resided at Woodford in Gloucestershii-e — ^hy name of John 
Sharp — whose mother used to work at the castle, and during 
the period of gestation she was Bometimes found gazing at the 
portrait of Charles the Second. Tliis woman once told the 
housekeeper that the man in the picture had a very strange 
effect upon her. In due course of time this personage gave 
birth to a male child who as he grew np became the exact 
image of the "merry Monarch," and from manhood into old 
age this personage was designated by the gentlefolks of the 
neighbourhood— and frequently by strangers— "Charles the 
Second." Dionysius was aware of these facts, hence he was 
accustomed to have beautiful pictures hung in his wife's rooms 
during her pregnancy. The Greeks were also well aware of 
these influences. 

(XX,) As regards the bias or sway of out associates. — The 
habits of the n:und are as infectious as those of the body, and 
by close contact the sentiraonts and principles of the beloved 
object are hable to be imbibed, like tastes formed, and a similar 
course of life desired. It is extremely important that the 
mind should he allowed to exercise itself solely according to 
the dictates of justice and benevolence, for those whom we love 
we try to please, and those we wish to gratify we endeavour to 
be like. If then our chosen friends be unworthy of imitation, 
our attachment to them must have injurious effects. For 
this reason, as well as from the capability of sympathy in 
causing us to take tlie tone and direction of our associates, the 
choice of them becomes highly influential upon our disposition, 
" Tell me a. man's companions, and I will tell you what cliar- 
octer he is " (Spanish Proverb). 
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(XXI.) Man would never be angry, or in a mirthful mood, 
onlesB made bo through his Burroundinga, showing that our 
thoughts, feelings, propensities and even deeds, are excited 
into action from without. Certain emotions brought into 
being, or called forth by circumstances or particular occur- 
rences, work strange effects upon us ; for instance, Dr. 
Pricbard relates a case that came under his experience where 
the hair grew white in a single day through grief ; many i 
cases are recorded by other authors. 

(XXII.) Locality in conjitnGtion with circufnstances prod'i 
great changes »i animals and vegetables. — The stature of 
states Qnetelet— is materially influenced by his residence 
town or country. The height of the inhabitants of cities at 
the age of 19, he states, is greater than that of the country 
dweller by two or three centimetres. Dr. Villerme remarks, 
that the stature of man becomes greater, and the gi-owtb takes 
place more rapidly— other circumstances being equaJ — in pro- 
portion as the country inhabited is richer, the comiort mora 
general, house, clothes and nourishment better, and labour, 
fatigue, and privation less during youth, or in other words, the 
circumstances accompanying misery put off the period of tha 
development of the body, and stint human stature. !Expo- 
Bure and cold, not to speak of toil, materially influence the 
growth of the human race. The warmth and luxury of cities 
rapidly develope the growth of all but the lowest classes. 
Individuals who enjoy affluence generally exceed the roeaa 
height ; hard labour appears to be an obstacle to bodily 
development. 

{XXm.) The descendants of the English settlers in America 
display a considerable variation, in general form and a! 
from the parent nation. The chOdren of European dwelli 
in New South Wales are taller and weaker than their pi 
genitors. Eelative to the EngUsh settlers in the West Indie§,' 
their cheek-bones — like the aboriginal races — are higher, ayes 
deeper set in the head than those of the English breed. 
Again, the Africaus of America are approsimating to the white 
people, the mouth becoming smalier, nose higher in the bridge, 
hair considerably longer and less crisp. 

(XXTV.) The mountaineers of ail countries, especially in 
the temperate and warmer divisions of the earth are, as a 
rule, very tall and well formed, the men being handsome, and 
the women fairer and more beautiful than those dwelling in 
the lowlands. The chests are very much larger, which 
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Irom the deeper raspirationa taken, in order to obtain a. Buf5- 
eient quantity to the rarer air they dwell in, thus enabling 
them to redden the blood in the lungs, Ac. 

(XXV.) It is fully established that a. human family, tribe 
or nation, is hable, in the course of generations, to be either 
advanced from a lower form to a. higher one, or degraded from 
a superior to an iuferior condition, by the influence of the phy- 
sical station in which it hves. The coarse features and other 
structural peculiarities of the negro race only continue -while 
these people live amidst the cireumstauces usually associated 
with harbarism. In a more temperate clime, and higher social 
state, the face and figure become greatly refined. The few 
African nations which possess any civilization exhibit forme 
approaching the European, and when the same people in the 
United States have enjoyed a within-door life for several 
generations they assimilate to the whites amongst whom they 
live. On the other liand, there are authentic instancea of 
a people originally well-form.ed and good-looking being 
brought by imperfect diet and a vaiiety of physical hardships 
to a lower form. It is remarkable that prominence of the 
jawa, or recession, and diminution of the front part of the 
ekiill, and an elongation and attenuation of the limbs are 
pecuharities always proclaimed by those miserabfe conditions, 
for they indicate an unequivocal retroception towards the type 
of the lower animals. The style of hving is ascertained to 
have a very great effect in modifying the human figure in the 
course of generations, and this even in the osseana (bony) 
eti-ucture. About 200 years ago a number of people were 
driven, by a barbarous and most cruel policy, from the coun- 
ties of Antrim and Down, in Ireland, towards the sea-coast, 
where they have ever buicb been settled, but in unusually 
miserable circumstances, even for Ireland. The consequence 
is, that they eshibit altered features of the most repulsive 
kind, projecting jaws, with large open mouths, depressed 
noses, high cheek bones and bow legs, together with an 
extremely diminutive stature. These, with an abnormal 
BlendernesB of the limbs, are the outward maris of a low and 
uncivihsed condition all over the world, and are particularly 
seen in the Australian aborigines. On the other hand, the 
beauty of the well-fed and clothed higher ranks in England ia 
very remarkable, being, in the mean, as clearly a result of good 
external coiiditiona. " Coarse, unwholesome and Ill-prepared 
food," Bays BufCon, "makes the human tace degenerate. All 
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by external agency in the vegetable kingdom are almost 
innumerable, and they are not confined to structure, being 
observed in babit also. Thus many plants, which are annual 
in a cold climate, become perrennial (perpetnal) if transplanted 
to the torrid zone, and plants which are usually biennial — 
forming their organs of vegetation one year, and those of 
fructification in the second, and than perishing — may be 
converted into anmcals by lieat, or into trieneals by cold. 

(XXIX.) Hibernal or winter sleep of animals. — This economy 
is said to be induced by cold, yet the Tauace, or rat of Mada- 
gascar, sleeps during the height 'of sununer, changes in the 
eyatem generally, and renewed activity of the various functions 
foUow hibernal as they do diurnal sleep. The presence of 
light, it is supposed, causes most plants to wake up from their 
night sleep, but stOl some species of vegetation — like certain 
animals, repose tlirough the day, and are awake at night. 
Further, it has been ascertained that the leaves of plants kept 
constantly in the dark open and close at regular intervals, 
thus carrying out the law impressed upon them by Nature. 
Plants and seeds ai-e influenced by external agents in many 
ways, and vary according to soil, heat, moisture, light, Ac. 
Thus, for instance, if the locality has not sufficient light tlie 
plant will be half blanched, spotted, diminutive, or even lose 
its hairs. If the light is too vivid, the vegetable will be 
stronger, smaller, more deeply coloured, harder, and more 
velvety than usual. In cold climates the same plants are 
smaller aad weaker than ordinary, the colour paler, the wood 
less firm, leaves deciduous (not permanent), fruit abortive. In 
hot districts the vegetation becomes larger, produces more 
wood, the leaves are brighter coloured, and more highly 
flavoured. In the same climate humidity causes difference of 
appearance without end ; plauts that grow in the water lose 
all their hairs, the sterna of flower stalks lengthen to reach the 
surface of the stream or pond, an<l these different effects are 
further variable, as the brook is still or agitated, clear or 
turbid, pure, or mixed with heterogeneous snbstauces. If, on 
the other baud, a plant accustomed to water is placed or found 
in a dryer soU, it is covered with hairs, becomes smaller and 
harder, and if growing on the mountain, they become more 
stunted, wlule their flowers are larger than upon the plains. 
The influence of soil is not less luauifest. If it is tenacious, the 
roots are small, hard, and clustered, when it is very sandy the 
roots become large, fleshy, and folly formed ; if it contains a 
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quantity of carbon the colours of the flowers are often altered; 
should there be salt, or if the plant is near this substance, or it 
is even brought through the atmosphere, the leaves become 
fleshy, and more glaucous (bluish green). All these different 
circumstances combined with each other in nature are fertile 
causes of varieties, which are still further multiplied by cul- 
tivation. 

(XXX.) Toung animals are observed to 'waste away when 
associated too much with the old. Thus youthful people put 
on the character as if withering away if allowed to sleep with 
those stricken in years ; juvenile women become pale and thin 
who marry old men ; the same is the case as regards young 
horses and other creatures, when confined for a lengiJiened 
period with those worn out by age. 

(XXXI.) Every considerable alteration in the local circum- 
stances in which each race of animals exists causes a change 
in their wants, and these novel needs produce in them new 
actions and habits. These later economies require the more 
frequent employment of some parts before but slightly 
exercised, and then greater development follows as a conse- 
quence of their oft repeated use. Other organs no longer 
employed become impoverished and diminished in size, nay, 
are sometimes entirely annihilated, while in their place new 
parts are developed for the discharge of novel functions. 

(XXXII.) Climate and surrounding objects, combined with 
circumstances, and education, will alter men's propensities, and 
their liking for different foods, whether they be flesh or 
vegetables. 

(XXXIII.) The swine carried from Europe to Cuba acquire 
double their original magnitude. It is the same with the 
bovine race when transported into Paraguay. 

(XXXIV.) A marked difference is seen in respect to bodily 
development between the dwellers in the dark holes and 
crowded by-places of cities, and the free, unrestrained savage 
tribes of the earth. Speaking of the Chaymas, Humboldt 
makes, the following remark: — "Both men and women are 
very muscular ; their forms are fleshy and rounded. I have 
not seen a single individual with a natural deformity, and I 
can say the same of many thousands of Caribs, Muyscas, 
Mexican and Peruvian Indians, which I and my companions 
have been observing during five years. 

(XXXV.) The deformities of the Cretins (certain idiots 
afflicted with goitre or wens), have been, among other causes 



FUNCTIONAL ABILITIES. 395 

attributed to their residence in deep shady valleys, where the 
direct light of the sun seldom penetrates. Many maladies 
invade people who live even in darkened rooms. 

(XXXVI.) If we could conceive a being to come into the 
world endowed with a perfect brain and every mental faculty 
complete, but all the inlets of sensation closed, there would be 
no mental operatioji ; for it is sensatio7i which is the necessary 
stimulus to any change in the mental condition. The being in 
question would remain in a torpid state, like a man in a profound 
sleep, possessing faculties, yet wanting the ability of using 
them, just as the seed buried deep in the soil possesses vitality, 
but does not germinate because withdrawn from the influence 
of the requisite stimuli. 

(XXXVII.) The civilized man differs only from the savage 
through having been for ages associated with different educa- 
tive circumstances, which developed his original organisation 
— especially his reflective faculties. 

Further. The enlightener of earth's human dwellers 
merely vary from some of the creatures of the wilds through 
possessing greater functional abilities which are at the com- 
mand of his inner selfhood. Again — It will be found that 
most of these dormant faculties owed their advancement to 
the stimulative province of external agents. In fact, all the 
propensities and capabilities of hving beings He in abeyance, 
merely awaiting the exercise of some exciting agent to bring 
them forth into operation, as we see relative to the course of 
action in different seeds and winter-sleeping plants, and their 
co-existing animated beings, whose inner properties or qualities 
only lie quiescent until some external cause developes or 
excites them to exercise their destined economy. 

(428.) Edttcability of the spirito-vital faculties of animals 
(see sec, ^29, page 399). — It is through external agents that the 
creatures of the wilds demonstrate certain courses of action, 
and domestic animals their capabiHties of executing particular 
feats after being trained, which achievements are illustrated 
in the subjoined anecdotes. 

(a.) It is related by Lyall, in his geology, that a pig was 
taught by the keeper of Mr. Toomer, at Broomly Lodge, New 
Forest, to hunt and point game with activity and steadiness. 
Other learned adepts of the porcine species have been trained 
to spell, by means of letters, persons' names, and to execute 
many other feats. 

(6.) One of my brothers once taught the common house cat 

D D 
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to fetch tlie animals he killed with his gun, which apparatus 
misa puss knew as well as hor master, and would become very 
excited at hearing the click of the lock, wiien this implement 
of death was procured from the rack. 

The eat, on hearing the sound in question, always solicited 
to be taken to tlie fields. This she effected by leaping into the 
shooting jacket pocket, which was held open by my brother 
for that purpose. Miss puss, whilst in the pouch of the coat, 
always rested her head on its edge, so as to be ready for " 
duty when called upon to fetch a dead bird. 

(o.) Pliny tells us that an elephant, having been scolded 
his inaptitude in executing some feat which he was required 
to learn, was observed at night endeavouring to accomplish 
that which he hod vainly attempted in the day. Plutarch 
mentions another elephant that practised hia theatrical 
attitudes alone by moonlight. The elephants were educated 
by the Eojnans with all gentleness, and instructed by kindness. 
The horse is often made vicious by a harsli driver, and the ass 
acquires hia hereditary obatancy from constant ill-treatment. 

(d.) Pigeons have been incited to keep time to musical 
performances, and to distinguish false notes, and tliey also 
aeemed to be pleased with certain airs iti preference to others. 

(e.) A gentleman of Cambridge taught a snake to glide 
through his fingers, if held a little distance before ita head 
(aiter the manner of the cat, who has been educated to jump 
over the joined hands) ; thia animal would aometimes tie for 
houra on the table, near its master, or around the upper bar of 
his chair. A lady once tamed one of these reptiles to come 
at her call, and also to follow her about the house and gardaa, 
A herd-boy succeeded in teaching one of these ajiguii 
creatures to coil and uncoil round his arm, when he wished it 
to do the one or the other. — Cltamhers' Papers. 

(/.) Major Buckley related to me that when in India he 
possessed an elephant that was taught to pick up things that 
might have fallen from his houdah, and present them to the 
parties therein seated. Sometimes ladies purposely dropped 
their gloves, which were taken off the ground and delivered to 
the owners, but if this experiment waa repeated too often, the 
elephant would discover that the article in question was thrown 
down for amusement, and then the animal placed liis hoof 
upon it, and after grinding the glove in the soil, he would 
dehberately present it to the person who had let it fall ; at the 
same time making a trumpet -noise tlu-ough his proboscis, by 
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way of letting the party know tkat he was aware of their 
object. 

When elephants are required to execute extraordinary 
tasks they may be made to miderstand that they will receive 
aa unusual reward. Some favourite dainty, for instance, is 
shown them, in the hope of acquiring which the work is done; 
and so perfectly does the natare of the contract appear to be 
anderstood that the breach of it, on the part of the master, 
is often attendeU with great danger, as was witnessed during 
the late Burmese war. — (" Lyell's Geology.") 

(g.) The bullfinch and robin, when placed in a room with 
the Virginian nightingale, wilJ soon acquire and go through the 
same notes as the latter warbler, but in a lower and softer 
tone. The bulliinch has often been taught to whistle certain 
airs very sweetly. Domestic birds often recollect theii- former 
keepers, after years of separation; cage songsters have fre- 
quently been perceived to be dreaming. 

(A.) Goldsmith relates that he once saw an otter, who, at 
the word of command, would drive the fish up into a corner 
and then seine the largest among them and carry it to his 
master. Mr. Bell mentions another case where an otter used 
to catch fish for a poor woman he knew. 

(i.) Mr. F. Cuvier relates that he once saw a seal which had 
been taught to raise itself erect on its hind legs wheu 
requested so to do, and then take a staff under the flipper ; Uke 
a sentinel, it obeyed the word of command, would lie on the 
right or left side, according to order, make a. summersauli 
when solicited. It gave the paw, if desired, like a dog, and 
would protrude its iips for a kiss, and was remarkably fond of 
its master. 

(j.) The fishermen on the coast of China and the Mozam- 
bique are known to educate a particular kind of fish (a species 
of echinus, or ramora) to catch turtle for their trainers. 
(" Penny Cyclop.," y. 25, p. 76.) 

(ft.) Carp are said to be very cunning, hence called "river 
foxes." They have been taught to feed out of the hand, and 
come to their trainer when whistled to through a rod, the 
lower end of which was dipping in the water. (" Selborne.") 

(i.) Belative to the common river-pike, Dr. Warwick suc- 
ceeded by kindness in affectionately attaching to his person one 
of these voracious fishes. 

(m.) Dr. Jenner, the discoverer of that blessingto the human 
race, vaccination, possessed a black terrier, who well knew 
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■wlieii his master was feigning to leave the bouse, aud 
never be deceived. For iEstance, the Doctor would sometimefl 
take down hia bat and procure the walking-slick, and tlien 
in jest exclaim to his daughter, Catherine, "I am going for a 
stroll ;" but unless he was leaving the domicile for his usui ' 
perambulation, his canine friend, Tartar, never moved from 
aocuatomed conch of rest. 

(w.) Mr. Lee, in his anecdotes of Birds, relates that it is 
common practice in some parts of Tartary for hunters of gams'* 
to train eagles to catch foses and antelopes, ic. 

(o.) One of our ofBcers of the 44th 
France, relates that on walkiug sometimes across one of 
bridges that spans the river Seine he used to have his clean bootf 
bedaubed by a poodle dog, the owner of which was a shoB-' 
black stationed at the other side of the river. The 
in question one day taxed the pohsher of boots with the 
artifice and, after a httle hesitation, the man confessed 
that he had taught the dog to roll in the mud of the 
Seine, and then to besmear the clean shoes of the passengers to 
procure customers for himself. Tlie officer, being much struck 
with the dog's sagacity, purchased him at a liigh price, and 
brought him to England. He kept hini tied up in London for 
Bome time, and then released linn. The dog remained a few 
days with his new friend, but at last made his escape. A fort- 
night afterwards the poodle was found with his foi-mer master,, 
pursuing hia old trade on tlie bridge. (" Jesse.") 

(p.) Dogs and birds have been taught to imitate death, 
spiders, the former remaining motionless even when whippai 
and the latter he as if lifeless, though a train of gnnpowdi 
was fired which surrounded them. (See sec. 433.) 

(g.) The Roman elephants were taught to march to music, 
and could perform many evolutions ; they reclined at table, fed 
themselves, were polite to each other, and drank with modera- 
tion. Pliny relates that Germanicus exhibited elephants that 
could hurl the javelin up into the air and catch it whilst de- 
scending ; they would fight with each other like gladiators, 
could execute the Pyrrhic dance, and perform on a rope- 
Four of them would traverse cords, carrying one of their com*, 
panions in a litter. Other historians relates that some elephant*! 
were taught to walk backwards on the tight-rope. 

(t.) The celebrated Astly once had a horse that would un- 
girth hia own aaddle, wash his feet in a pajl of water, bring 
into the riding-room a tea table and its appendages ; then 



lien 
r a 

I 

iufl 
thflH 

>ot»H 

lOB-^^l 



iort- 



PASSIONS AND PROPENSITIES OK ANIMALS. 399 

fetch a chair and a stool, and even take the kettle off the fire. 
It would dance to music, affected lameness, feigned death, 
and allowed himself to be dragged about in this state. (** Cham- 
ber's Anecdotes.") 

(429.) Passions and Propensities Appertaining to 
Animals. 

The study of the nervous system appears to the philoso- 
phical inquirer a field infinitely more vast than is supposed. 
The brute tribe, mostly the object of contempt, resulting from 
the ignorance and pride of man, share so many things with 
him, that the naturalist finds himself sometimes embarrassed 
to determine where the spirito-animal Hfe terminates, and the 
abilities of the human soul commence. Animals are produced, 
bom, and nourished, according to the same laws as man ; their 
muscles, vessels, viscera, and nerves, are almost aUke, and 
exercise similar functions and analogous senses, of which they 
make use after the same mode ; they are subject to like affec- 
tions, to joy, sadness, fear, alarm, hope, envy, jealousy, anger; 
and have for the most part our propensities. They are 
naturally inclined, as we are, to propagation — they foster and 
love their young ; have attachment for each other and for 
man ; are courageous, and fearlessly defend themselves and 
theirs against enemies. Like us they feed on vegetables and 
other animals. They have the sense of property j and while some 
are cruel and sanguinary, others take delight in theft, some 
are sensible to blame and approbation, are mild, docile, com- 
passionate, and mutually assist each other. Some are wicked, 
indocile, wayward, obstinate ; they retain the recollection of 
benefits and injuries, are grateful or vindictive, cunning and 
circumspect, foresee the future by the past, or by what has 
been unintelligibly termed instinct (but which is in reahty 
clairvoyance, like that of the human race) which causes them 
to take the necessary precaution against the dangers which 
menace them. They correct their false judgments and unsuc- 
cessful enterprises by experience ; have the idea of time, and 
foreknow its periodical return ; possess memory, reflect and 
compare, hesitate, and are divided by the most urgent motives ; 
are susceptible of a certain degree of individual perfectibility; 
and even form obstructions. By means of articulate language, 
or by gestures, they communicate their ideas, wants, and pro- 
jects. They acquire more sagacity and knowledge by virtue 
of the circumstances which force them to be clear-sighted and 
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cautious* They balance the evil consequences of certain 
actions which their memory recalls to them, with actually 
stimulating desires. They seem to follow a deliberate plan of 
conduct agreed upon between several individuals ; they know 
each other, sing, and are sensible to the harmony of music ; 
have an astonishing local memory, and perform long journeys. 
A great number among them build, some even count. Very 
often their actions denote a sentiment of morality, of justice, 
and injustice, &C., &c. 

The greater part of animals are not limited wholly to the 
means of their own preservation. They are susceptible of 
much more extended instruction than their immediate wants 
require. We teach all sorts of tricks to birds, squirrels, cats, 
dogs, horses, monkeys, and even pigs. They also modify their 
own mode of action with reference to the position in which 
they find themselves. But this faculty of receiving education 
is aJways proportionate to their primitive faculties ; and they 
cannot, any more than man, learn things of which they have 
not received the first impress from Nature. We admire 
the setter, couching in the pursuit of the pheasant ; the falcon, 
in chase of the heron ; but the ox will never learn to nm 
after mice, or the cat to browse on grass, and we shall never 
teach the roebuck and the pigeon to hunt. 

(a.) The ardent temperament of the partridge has been the 
theme of many writers, from Pliny downwards ; and the 
parental affection of the female for her young seems to be not 
less strong than the sexual ardour of the male, which latter 
watches over the young with great parental care. Pennant 
relates that a partridge, followed by a large covey of very 
young birds, was surprised by a violent hail>storm The 
mother collected them under her ; and to secure them farther, 
spread her wings to prevent every injury in vain ! The stonn 
increased, yet she would not quit her charge : she preferred 
death, and was found lifeless (and all the little brood) with 
distended wiugs, retaining her attempt to preserve them even 
to the very death. Mr. Selby relates that a person engaged 
in a field not far from his residence had his attention arrested 
by some objects on the ground, which, upon approaching, he 
found to be a male and female partridge engaged in a battle 
with a carrion crow : so absorbed were thev in the issue of 

m 

the contest, that they actuallv held the crow till it was seized 
and taken from them by the spectator of the scene. Upon 
Mai^)i» the very lately hatohtevi young were found concealed in 
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the gmss, and tlie crow had been doubtless attacked by the 
parents during his attempt to carry otf sojne of their offspring. 
The wiles and stratagems put in practice by the hen to draw 
the intruder from the place where her affrighted young have 
taJcen refuge are often wonderful ; she will limp about as if 
lame of a leg or wing, and so induce one nnaccnstomed to her 
deceptions to follow her from the brood, to which she ffies back 
by a circuitous route. 

(b.) Peacocks. "I find" — states Sir E. Heron — "that in- 
dividuals of this tribediffer as mnch in temper aahuman beings, 
some are wilhng to take care of the young of others, whilst 
some have pursued and killed them, and this whether they had 
a brood of their own or not. Certain cocks asaisted in the care 
of the young, whilst others have attacked them. The hens 
have frequently a preference to a particular peacock, At one 
period the females were all so fond of an old pied male that 
when he was confined in view they were constantly assembled 
close to the trellis walla of his prison, and would not suffer 
another peacock to touch them. The females always make ad- 
vances or court the males. The peahen, hke other galh- 
naceous birds, will somethnes put an the plumage and spurs 
of the male, when unfit tor the reproduction of the species." 
According to Hunter, the egg-bag aud ovaduct of these become 
atropliied or wasted away. 

I once knew a Mr. Oldland, of Woodford, Gloucestershire, 
who possessed a hen of the common domestic fowl breed, which, 
after assuming the male plumage and spurs, used to crow like 
any other chanticleer, 

(c.) The bald ea^jle is the moat courageous of birds, is a very 
daring robber, plundering the vulture, which, in hard times, it 
forces to disgorge its carrion to satisfy the depredator's appetite. 
Eagles can master the red buzzard aud herons, and have been 
known to destroy the American ostrich. Tliey sometimes hun* 
the larger animals in companies of four or five together. 

(rf.) Mr. White, of Selbome, relates the circiunstance of the 
punishment inflicted by some heus upon a hawk, winch had at 
different times killed their chicken, This falcon was one day 
caught and given up to the tender mercies of the bereaved 
mothers. The wings of this destructive bird were chpped, his 
talons out, and a cork having been fixed on his bill, he was 
thrown among the brood of hens. Imagination cannot paint — 
states Mr, Wliite — the scene that ensued, the expression that 
fear, rage, and revenge inspired were new, or at least such as 
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strike him in the eyes, coming, going, and returning so swiftly, 
which feat no one would believe who had not seen it. This 
pugnacious audacity probably fostered the Mexican belief that 
these diminutive bodies contained the souls of slain warriors. 

(fc.) Swallows, — ^A pair of these hitundinous birds having 
constructed a nidal abode, the female laid her eggs therein and 
proceeded to sit on them. Some time after incubation the 
male was observed to be flying about the nest, and was heard 
to utter very plaintive notes, which betrayed his uneasiness. 
On a nearer examination, the female was found to be dead, 
and the people flung her body away. The male proceeded to 
sit on the eggs for a few hours and then vacated the nest, and 
after a time rfetumed with another female, which sat upon the 
oggSi aiid after hatching them, fed the young till they were 
able to provide for themselves. (" Selbome.") 

(Z.) Oeese. — Mr. Brew, of Ennis, relates the presentiment 
of an old goose that had been for a fortnight hatching in a 
farmer's kitchen, who was perceived on a sudden to be taken 
violently ill. She soon after left the nest, and repaired to an 
outhouse, where there was a young goose, which she brought 
with her into the kitchen. The young one immediately 
scrambled into the old one's nest, sat, hatched, and afterwards 
brought up the brood. The old anserine bird, as soon as the 
young one had taken her place, settled down by the side of the 
nest, and shortly after died. 

(m.) Canary. — Lord Kaimes relates a circumstance of one 
of these birds which fell dead whilst singing to his mate, who 
was in the act of incubation. The female instantly quitted 
the nest, and, finding him dead, rejected all food, and after a 
time died by his side. 

(w.) Sparrow, — Mrs. O'Brian, of Chelsea, once possessed a 
canary, with whom a sparrow set up a friendship as it hung 
in the garden. This latter bird would often alight upon the 
top of the cage and chirp to the canary, and at length a reci- 
procal conversation ensued. The sparrow would remain a few 
minutes and then fly away, but would return with a worm, &c., 
in his bill, which he dropped into the cage. This conduct was 
manifested day after day, till they became so familiar, that 
the canary would at length receive the proffered food from the 
bill of his generous friend. 

(o.) Lapwing or pewits. — This bird chiefly lives on insects, 
but these failing in winter, necessity compelled one of these 
insectivorous feeders that a gentleman kept in his garden to 
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approach the house, from which it had previously remained at 
a watcliful distance. A Bervant hearing its feeble cries — as if 
it were asking charity — opened for it the door of the back 
kitchen. It did not venture far into the scullery at first, but 
became daily more friendly, and then emboldened, as the cold 
increased, it at length entered the cooking apartment, though 
already occupied by a dog and ca.t. By degrees it at length 
became so familiar with these animals that it entered regularly 
in the evening, and estabhshed itself always in the chimney 
comer for the night : but as soon as the wannth of spring 
returned, it preferred roosting in the garden, though it resumed 
its place near the fire the next winter. Instead, however, of 
being afraid of its two old friends — the dog and cat— it now 
treated them as inferiors, and an-ogated to itself tlie place 
which it had previously obtained by humble and timid solici- 
tation. 

(j5.) Booki (corviis frwjUegjis). — A gentleman, who had lived 
on the banks of the Delaware, relates that he had reared one 
of these birds, with whose tricks and society he used frequently 
to amuse himself. This rook hved for a long time with his 
family, but at length disappeared, having — as It was supposed 
— been shot. About eleven months after this, as the gentle- 
man, one nioniing, in company with some friends, was standing 
on the river's bank, a number of rooks happened to pass by ; 
one of them left the flock, and flying directly towards the 
company, alighted on the gentleman's shoulder, and began to 
gabble away with great volubility, as one long-absent friend 
naturally does on meetijig with another. On recovering from 
his surprise, the gentleman instantly recognised his old 
acquaintance, and endeavoured, by several civil, bnt sly 
mancBUvres, to lay hold of him, but the bird not relishing so 
much familiarity, and having now had a taste of the sweets of 
liberty, eluded all his attempts, and suddenly glancing on his 
distant companions, mounted into the air to join them, and 
was never aftei'wards known to return. 

Sooka are aometimea seen to hold, as it were, courts of jus- 
tice. To join these councils they are perceived to arrive from 
all quarters, as if they had been Hunmioned for the occasion. 
A few of the flock sit with drooping heads, and some seem as 
grave as judges, while others again are exceedingly active and 
noisy ; in the course of an hour or so they disperse, and it ia 
not uncommon, after they have flown away, to find one or two 
left dead on the spot. {" Lee's Ancedotes.") 
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I reollect wituessing such a scene as the abo^ 
mer of 1824 in a field near a wood not far from Berkeley Castle. 

(g.) Pigeons. — Mr. Jesse relates, among his anecdotes of i 
animals, that he once had a solitary dove, who t" ' 
kept company with an old chanticleer, whose presence it seldom 
left, roosting at night by his side in the hen-house. The cock 
always seemed to be moat sensible of the attachment of the 
pigeou, Mr. Jesse further reports that he at one time had a pigeon 
which was confined and made to pair with another of her 
tribe ; but one day, on being released, she forsook, her new mate 
and her two yonng ones eight days old iu order to return to a 
former partner, and although fljing about in the neighbour- 
hood, she never again came near them. 

(r.) Asp (Vipera Haje).— This serpent never lives alone, the 
male and female being constantly found together, and if one 
happens to be killed, the other seeks with the utmost fury to 
avenge its death. This animal knows and selects tl 
from among crowds; it follows him to a great distance, sur- i 
mounts every obstacle, and can only be deprived of its reveuga I 
by the most speedy flight or the intervention of some rapid I 
river, Tlie jugglers of Grand Cairo have the art of taming the | 
haje, as those of India do the cobra capello, taking care how- 
ever to deprive it of its faugs. ("Penny Cyclop.") 

(a.) Elephants. — One of these animals is sometimes excladed I 
from the society of its fellows. Such \ \h t always 1 
vicious and mischievous, attacking whatev pp aeh him, ' 
and passing herds will not permit him to j n th 
generally known and spoken of as the rogi 1 jbant The"! 
forgoing economy sometimes occmrs among h buffalo t ibaa J 
of North America. 

((.) tieals (Phocidce.) — They are a hannless race, never! 
attacking man unless in defence of themselves or young. One J 
of Anson's sailors lost his life by exasperating a mother, 
whose presence he skinned her young one. Their disposition. ■ 
is however gentle and affectionate. A young seal petted by i 
seaman, became so attached to its master from kind treatment, 1 
that it would come to his call, allow him to mount on his backj 
and put his hands into its mouth. Dnringthe 
however, bloody battles take place among the males, in whi(i2 
they ai'e often severely wounded, but rarely killed, while thi 
female calmly wait the issue, and receives the conqueror. Thw 
phocidce ai'e polygamous, and live in families, evei-y male bein 
surrounded by a crowd of females (from 50 to 80 whom 1 
guards with the gi'eatest jealousy.) ("Penny Cyclop.") 
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(m.) Spaniels. — These dogs are remarkable for their sagacity 
and attachment, and will seek their maatece through every 
difficulty. Colonel Hardy relates in his memoirs that he had 
been sent for to Bath and took his spaniel with him iu the 
chaise, which he never quitted hut for short periods till his 
arrival there. After remaining four days, he returned to his 
residence at Springfield, in Essex, but accidentally left his dog 
behind. In three days after arriving home, his faithful apaniel 
returned to his master's domicile. The distance between the 
above two places is 140 miles, and it is stated that the dog 
had to explore her way through London, to which slie had 
never been but in her journey to Eath, when she was in a close 
carriage. It ia recorded of another of these dogs that in 1792 
a gentleman who lived in Vere Street went with part of his 
family to Drury Laue Theatre, lea^-ing a small King Charles 
spaniel locked up, to prevent the chance of the loss of the dog. 
At 8 o'clock his son opened the door, and the dog, unperceived, 
passed out into the street and made his way to the playhouse, 
where he found his master, who was seated nearlyin the centre 
of an unusually thronged pit. 

It would appear that this species of dogs have neither peace 
or rest when separated from their owners. If excluded from 
a room, they will lie at the door so that no one can go out 
without their knowledge, and when in the room with their 
miatresB, some will not go to sleep, even when wearied, except 
upon a portion of her dress, so that she cannot rise from her 
chair without giving them notice. The faithful spaniel of Eobe- 
spierre clung to hhn during his mock trial, was with him at the 
guillotine, and died exhausted on his grave. Colonel H. Smith 
in his works on dogs gives an account of a spaniel who was 
lying on the grave of his mistress for three days at Plymouth, 
refusing all food, and was obUged to he removed by force. 

(v.) Moles (Talpidffi). — During the season of love, bloody 
battles are fought between the males. Tlie sexual attachment 
is very great among the talpidae. Le Court states that he 
often found a female taken in his trap, and a male lying dead 
close to her. 

(w.) Tortoise (Testudo.) — " I was much taken with its saga- 
city, "states Mrs, White, of Selborne, "in discerning those 
that do it kind offices, for as soon as its mistress— who had 
waited on it for 30 years — comes in sight, it hobbles towai'ds 
its benefai-tress with awkward alacrity, hut remains inattentive 
to strangers." 
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(x.) Apes (SimicB). — The Ungka-pnti, a species of ape, is 
very affectionate creatiu'e ; it has been known to seek out &nA 
fondle a baby, laying its face close to tJie cheek of the infant, 
which remained perfectly at ease under the caresses of its 
long-armed strange companion. It at times seemed to hare 
some ftm about it, for it would at periods lie in the bosom of 
the gentleman to whom it belonged, look up kindly into his 
face, and then with its long arm passed round him — apparently 
thinking of nothing at all— pick his waistcoat pocket, opposite 
to the side on which it was reposing, ol anything on which 
it could lay its lean, lengthened fingei-s. It was very fond of 
playing with people, and in tlie same spirit it would frolic with 
its companion, the orang. Light as a fairy, and quick jn its 
unerring motions as a bird, it would sportively elude all the 
efforts of its comparatively uiiwieldly Caliban of a playmate 
catch it. As regards the wild siamang apes, however niuneroi 
the troop may be. if one ia wounded by the hunters it is iinin< 
diately abandoned by the rest, unless indeed it happens to be 
a young one, then the mother, who either carries it or follows 
close behind, stops, falls with it, and uttering the most fright- 
ful cries, precipitates herself upon the common enemy, with 
open mouth and arms extended. But these animals are m 
made for combat ; they neither know how to deal or shun 
blow. Nor is then- natural affection displayed only in momenla- 
of danger ; the care which the females bestow upon their off- 
spring is so tender, and even refined, that one would be almost 
tempted to attribute the sentiment to rational rather than to 
what has been vaguely called instinct. It is a curious and 
interesting spectacle, which a little precaution enables one to 
witness, to see the females carry their young to the river, wash 
their faces in spite of their outcries, wipe and dry them, and 
altogether bestow upon their cleanliness a time and attenti* 
that, in many cases, the children of our own species might wi 
envy. The young siamang apes, whilst yet too weak to 
alone, are always carried by individuals of their own sex, b] 
the fathers if they are males, and by the mothers it femi 
These creatures fi-equently become the prey of the tiger, 
the same species of fascination or animal magnetism whii 
serpents exercise over birds, squirrels, and other ami 
creatiu-es. {" Penny Cyclop.") 

I. — Friendship, Attachment, and Socialitv op i 
k (a.) Orang-autan (manof the woods,) — Captain Decaen o 
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hod a male oraog whose affection was almost exclusive for 
himself. One morning this fond creature entered the captain's 
cabin before he rose, aud in the excess of its joy, threw itself 
upon him, embraced him with perfect transport, and applied 
its hps to his chest, to suck hia skin, as it was accustomed to 
do the fingers of its most favourite acquaintances. Another of 
these oronga conceived an affection for two kittena. This animal 
generally employed hiiuself in nursing one or other of the 
favourites, and sometiinea was amused by putting one of the 
young cats upon hia head, but ou such occaaious he was sure 
to suffer from the kitten's claws, and it was liighly amusing to 
witneas the patience with which the orang resigned himself to 
this singular fancy, and the rueful contortions of countenance 
which accompanied it. He was often observed to examine the 
feat of the httle animals attentively, and having discovered 
their claws he endeavomred to pull them out with hia flngera, 
hut faihng, he afterwarda became resigned to his fate, and pre- 
ferred enduring tlie pain to giving up the pleaaure which this 
sort of enjoyment afforded him. 

Mr. F. Cuvier, in describing a female orang, states that, in 
order to defend heraolf, she sometunes bit and struck with her 
hand. It was, however, only against children that she showed 
any kind of resentment, and then apparently more from jealousy 
than anger. Generally speaking she was gentle and affection- 
ate, and showed a propensity to live in society. She wastond 
of being caressed, gave real kisses, aud appeared to experience 
great pleaaui'c in the act of aucking peoples ffngers. Her voice 
was shrill, but only heard wiieu she ardently desired some- 
thing that was withheld from her ; then all the actiona became 
highly expressive, she knocked her head, panted, and when 
very ongiy would roll upon the ground and utter loud and 
harsh yells. 

(6.) Leopard. — In captivity this animal is very playful, but 
apt to be treacherous. Mrs. Ba,wdi8h wou the affections of 
one of these creatures by kindness, and, by presenting him 
with lavender water in a card-tray, this lady taught him to 
keep Ilia claws sheathed. The luxurious animal revelled in the 
delicious essence almost toecstacy, but he was never suffered to 
have it if he put forth his claws. The common house cat is 
fascinated in the same way with the odour of valerian. 

ic.) Jaguar or American PaiiDier has been known — when it 
had young- — to leave tlie woods and play with the Indian 
children. (" Penny Cyclop.") 
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(d.) Cat and Boniiet-monkeif. —ThBse two animals, by asBOiu^ 
ation in the same cage, became greatly attached to each other, 
but sometimes — like human beings— they dieagread. Thus 
puBS, whilst attempting to go to sleep, was one day teased by 
the monkey, who persisted in putting a straw up her nose. The 
cat not liking this repeated operation gave pug a rather severe 
cuff, and he being offended at the rebuff, seized poor puss by 
the tail and leaped to the top of the cage, and there held her 
whilst he inflicted many smacks and pinches before liberating 
hia friendly companion, 

(e.) Sheep.-— A Scotch gentleman relates that while passing 
through a lonely district in the Highlands, he obsened a sheep 
hurrying towards the road before him, as if to interrupt his 
progress, and at the same time bleating most piteously. On 
approaching nearer, the animal redoubled its cries, and, look- 
ing significantly in the face of the traveller, seemed to implore 
aome aasistance at his hands. Touchedwith a sight so unusual, 
the gentleman alighted, and, leaving hiagig, followed the sheep 
to a fieid in the direction whence it came, there, in a aohtary 
cairn (a heap of atones), at a considerable distance from the 
road, the distressed creature halted, and the traveller there 
found a lamb completely wedged in between two larger stones, 
and straggling feebly with its lega uppermost. The gentli 
extricated the little SLifferer, and then its overjoyed mothe^ 
poured forth her thanks in grateful demon atrations. 

When a sheep becomes blind it is mostly — saya Mr. Touati 
in this helpless state solaced and watched by some one of 
Sock which attaches itself to the afdicted animal, and by bleat- 
ing, calls it back from the precipice, lake, or pool, and every 
kind of danger. 

(/.) Horse and Sheep. — Mr. O'Kelly relates a case where a 
atrong attachment waa once formed between a sheep and a 
race-horse ; the latter would sometimes nibble the neck of the 
former, and without hurting, would lift it into the manger of a 
neighbouring shed belonging to the field next the horses pad- 
dock, as much as to say, although yoii are not able to reach it, 
I will help yon to the banquet. Besides this, the horse would 
on all occasions protect hia ovine friend, and would suffer no 
one to offer it the slightest molestation, 

(g.) Horse and Hen —Great disparity of kind and size does 
not prevent social advances and mutual fellowship. Thus Mr. 
White, among hia anecdoten of the affections of animals, re- 
Ifttea the circumstance of a horse and hen entertaining a great 
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friendship for each other. These two incongruous animals 
spent most of their time together in a lonely orchard. The 
fowl would approach the quadruped with clucks of compla- 
cency, rubbing herself gently against his legs ; while the 
horse would look down with satisfaction, and move with the 
greatest caution, lest he should trample on his feathered 
companion. 

(h.) Elephants, — One of these animals, reported in the Philo- 
sophical Transactions, formed such an attachment for a very 
young child, that he was never happy but when near it. The 
Indian nurse used, therefore, frequently to take the infant in 
its cradle and place it between the elephant's feet. This he 
at length became so accustomed to, that he would never eat 
his food except when the child was present. When the infant 
slept, he used to drive off the flies with his proboscis ; and 
when it cried he would move the cradle backwards and for- 
wards, and thus rock it to sleep. 

There was a soldier at Pondicherry who was accustomed, 
whenever he received his share of liquor, to carry some of it 
to a certain elephant, and by this means a very cordial intimacy 
was formed between them. Having drank too freely one day, 
and finding himself pursued by the guards, who were going to 
take him to prison, the soldier took refuge under the elephant's 
body, and there fell asleep. The guard tried in vaia to force 
him from this asylum, as the animal protected him most 
strenuously with his trunk. The follpwing morning, the 
soldier, recovering from his drunken fit, shuddered with 
horror to find himself stretched under the belly of the huge 
animal. The elephant perceived the man's embarrassment, 
caressed him with his trunk, to inspire him as it were with 
courage, and made him understand that he might now depart 
in safety. 

(t.) Sociability of Animals. — There is a remarkable spirit of 
sociability in the brute creationand other animals, independent 
of sexual attachment. The congregation of gregarious birds in 
winter is an attractive example. Many horses, though quiet 
with company, will not stay one minute by themselves ; they, 
and even cattle, have been known to leap out of a stable 
window, through which the litter is thrown — to join with 
others. Oxen and cows will not fatten by themselves, but 
neglect the finest pasture that is not recommended by society. 
Sheep are well known to flock together. 

(?.) Horses -^friendship hetioeen. — There were two of these 
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animals which had assisted in drawing the same gun during 
the whole of the Peninsular war. One of them being killed in 
an engagement the survivor was picketted as usual, and his 
food brought to him, but he refused to eat, and kept con- 
stantly turning his head round to look for his companion, and 
often caUing him by a neigh. Every care was taken ; and all 
means that could be thought of were adopted to induce him 
to eat, but without effect. Other horses surrounded him, but 
it paid no attention to them ; his whole demeanour indicated 
the deepest sorrow, and he at last died from hunger, not having 
tasted food from the time his companion fell. ** Selborne." 

(A;.) Deer, — Mr. White reports the case of a doe that was 
brought up from a fawn with a dairy of cows ; it went vrith 
them to the field and returned in their company to the yard. 
The dogs of the house took no notice of this deer, being used 
to her, but if strange dogs came by, a chase ensued ; but the 
hunted animal led over hedge and stile till she returned to 
the cows, who, with fierce lowing and menacing horns, drove 
the assailants quite out of the pasture. 

{I,) Cow. —Mr. Jesse relates an anecdote of a lady who once 
made a pet of a calf, and often fondled it when a heifer. The 
gentlewoman afterwards became so circumstanced that she 
lost sight of the animal for some years, but one day whilst 
walking in a lane slie met some cows, when one of them left 
the lierd and came up to her, showing evident symptoms of 
pleasure in seeing the lady, who immediately knew and patted 
her old acquaintance. 

(in.) Leveret and Gat. — The Hon. Danes Barrington had a 
little helpless leveret brought to him, which the servants fed 
with milk out of a spoon, and about the same time 
his feline companion kittened, and the progeny were 
dispatched and buried. The young hare was soon lost, and 
supposed to be killed. However, in about a fortnight, as the 
master was sitting in his garden, he observed the cat, with tail 
erect, trotting towards him, and calling with little short 
purring sounds of complacency, such as these animals use 
towards their kittens, and something gambolling after, which 
proved to be the leveret, that the cat had supported with her 
milk, and continued to supply with great affection. Thus was 
a graminivorous creature nurtured by a carnivorous and pre- 
daceous one. 

(n.) Horse. — Occasionally equine attachment is as exalted 
as that appertaining to the human race. For instance. 
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During the Peniiiaalar war, a French trumpeter had a fine 
charger assigned to him, of which he became paaaiouately 
fond. Ths horse, by his gentleaoaa of disposition and uniform 
docihfcy, equally evinced its affection. This onijual became 
unruly and useless to everybody bIsb, and was always obliged 
to be again and again restored to liis old friendly rider, who 
liad the moat perfect command over him. This horse carried 
the trumpeter during several campaigns thi-ough many diffi- 
culties. At last the corps to which he belonged was worsted, 
and the trumpatar was killed. Dropping from hia horse, his body 
was found many days after the engagement stretched on the 
award, with his faithful charger standing beside it. During 
the long interval he had never quitted the trumpeter's side, 
but had stood sentinel over his corpse, scaring away the birds 
of prey, and remaining heedless of his own privations. When 
found, he was in a sadly reduced condition, partly from loss of 
blood through wounds, but chiefly for want of food, of which, 
in the excess of his grief, he could not be prevailed upon to 
partako. " Chambers' Anecdotee." 

(o.) Cobra di oapdlo (hooded snake).— Mr. Cross, in Bxatec 
Change, had for some years within one cage a canary and a 
death-dealing cobra. These incongruoua animaia appeared to 
be moat affectionately attached to each other. 

(p.) Hcdgehoij. -Mr. Jesse had in hia poaaeaaion one of these 
spine -covered quadrupeds, which used to nestle before the fire 
on tile stomach of an old la^y terrier dog, who was much 
attachedto it, and the best understanding existed between them. 

(}.) Dogs. — Mr. Glenthorn relates that he once had a pointer 
and a Newfoundland dog. The former broke hia leg, and 
during his confinement the latter brought him a share of his 
food, and would often sit for long periods by the side of his 
suffering companion. 

(r.) Alligator. — An American gentleman once succeeded in 
taming one of these reptiles when young, which would follow 
him everywhere, even upstairs ; but its great favourite was a 
cat, and the friendship was mutual. Whon puss was reposing 
herself before the fire, the alligator would lay himself down, 
place his head upon the cat, and in this position go to sleep. 
If puss was absent the reptile became restless, but always 
tranquil and happy when the cat was neai' it. 

(s.) Anti. — These insects play with each other like kittens 
or young dogs. Huber describes the hill-ants, when approach- 
ing each other, as moving their antermfe (feelers) with astouJslt- 
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ing rapidity, while they patted with a slight movement the 
cheeks of their companions. Bennet describes a small species 
of ant, which employed themselves in carrying each other on 
their backs, the rider holding on with his mandibles (jaws), 
then they wrestle and part, and afterwards embrace in play, 
and again separate to renew the sport. Ants recollect and 
greet their associates, after being separated for months. 
They always share everything with their companions, and if 
they find any edibles, they inform the community, and even 
conduct their friends to the place where the food lies, or com- 
municate through insect language by means of their antennsB 
the direction where the provender is situated, which fact I my- 
self have often witnessed. 

(t.) Earwigs (Farficala auricularia), like birds hatch their 
eggs, aad are remarkably affectionate to their young, of whose 
safety they are not a little jealous. They have a numerous 
brood, which nestle under their mother like chickens beneath 
a hen. 

(ii,) Tree-6u^s (Acanthosama grisea). — These creatures, like 
earwigs, sit upon their eggs ; the brood, consisting of 30 or 40, 
follow the mother like chickens do a hen. She never leaves 
her family, and as she moves the young closely follow, and 
assemble around her in a cluster wherever she makes a halt. 

(v.) Spiders. —These arachnidan animals sit upon or near 
the silken bag which encloses their eggs ; which depositary the 
mother guards with intense anxiety, and she is most affec- 
tionately attached to her young. 

(431). — Pugnacity of Certain Insects. 

(a.) J5w^^gr^ies. -These papilianaceous insects are very con- 
tentious, and drive away rivals from their haunts. The blue 
argus butterfly is very jealous and pugnacious. It will not 
suffer any of its tribe to cross its path, or approach the 
flower on which it sits. 

(b.) Praying mantis. —This insect is a terrible cannibal-like 
animal, and often enters upon the most deadly combats. It 
dexterously guards and cuts with the edges of the fore claws, 
as the hussar does with his sabre, and sometimes by a stroke 
the one can cleave the other through and sever its head from 
the boJy ; the conqueror always devours its antagonist. The 
male and female fight, kill and eat each other, equally as 
when of the same sex. The Chinese take advantage of the 
ferocious habits of these insects to procure amusement by plac- 
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ing two of these creatures in a bamboo cage to make them 
fight. This proceeding is only outdone in barbarity by the 
cock-fighting, fox-hunting, and bull baiting of our own country. 

(c.) Bees. — These honey-collecting and wax-forming insects 
are often desperate fighters, and kill all strangers from other 
hives. They wrestle, turn, pirouette,. and throttle each other, 
and after rolling about in the dust, the victor, watching the 
moment when the enemy uncovers his body, thrusts its sting 
between the scales of the opponent, and the next instant its 
antagonist stretches out the quivering wings and expires. Bees 
will thieve from each other, and sometimes band together like 
corsairs, and then go out to rob the nests of other apisine 
communities. 

(d.) Ants, — Many of these forminidsB will in their life 
economy fight obstinate and fatal duels, and also pitched 
battles, and even form plans of these engagements, in which 
great numbers are often killed. They travel long distances to 
steal slaves, and also keep farms of aphides (plant lice) upon 
whose sacharine secretions they feed. 

(432.) Gunning of animals as regards feigjiing death. — The 
migratory corn-crake, or land-rail, puts on the semblance of 
death when exposed to danger, allows itself to be handled 
without stirring a feather or the eyelids ; the partridge will also 
feign to be lifeless, as well as certain insects, as beetles, also 
spiders, and the sea-mouse. 

(433.) Conjugality among animals. — Marriage, or living 
together for life, is not peculiar to the human race ; connubial 
union is a natural institution. Thus the fox, marten or weasel, 
wild cat, mole, eagle, sparrow, hawk, pigeon, swan, nightin- 
gale, common sparrow, swallow, and other creatures, unite in 
pairs for life. After the breeding season is past, they remain 
in company, make expeditions together, and if they belong to 
animals which live in herds, the species remain always near 
each other. 

(434.) Thieving propensities in animals. — Gall, speaking to a 
friend of his whilst feeding his birds, observed : " You see they 
all know me, and will feed from my hand, except this black- 
bird, who must gain his morsel by stealth before he eats it ; 
we will retire an instant, and in our absence he will take the 
bread. On our return," continues Gall, *' we found the bird 
had secreted the food in the corner of his cage." I once, when 
studying insanity at Han well Asylum, knew a madman who 
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would never partake of food unless he could purloin it. He 
had a large organ of Acquisitiveness , or theft. 

(435.) Emasculation (castration). — This operation has a 
strange effect on the habits, passions, and affections of ani- 
mals. It alters the character of both man and beast, and 
likewise birds, and brings the male to a near resemblance of 
the other sex. Thus eunuchs have soft muscular arms, thighs, 
and legs ; broad hips, beardless chins, and squeaking voices. 
Gelded stags and bucks have hornless heads hke hinds and 
does. Again, wether sheep have small horns, after the 
manner of ewes. Oxen possess large bent horns, and hoarse 
voices when they low, Uke cows ; on the contrary bulls have 
short straight horns, and though they mutter and grumble in 
a deep tone, yet they low in a shrill key. Capons have small 
combs and wattles, and look pallid about the head, as do 
pullets ; they also walk without any parade, and hover over 
chickens like hens. Barran, or gelded hogs, have small tusks 
like sows. If a boar's tusks be broken, he loses all his 
venerous desires and ability. After castration animals mostly 
lose their spirit, but once an Irish horse ran at a man, -seized 
him with his teeth by the arm, which he broke, he then threw 
him down, and lay upon him. Every effort to get him off 
proved unavailing, and they were forced to shoot him. This 
horse had been emasculated by this man some time before. 

(436.) — Relative to the phrenological developments being the 
seat of our passions and propensities, and also the source of cer- 
tain maladies, — ''Would any one," asks Gall, ''whilst anno- 
tating upon the viscera in regard to their influence on animal 
passions and propensities, maintain that the heart of the tiger 
is the organ of cruelty — in the sheep the seat of gentleness —in 
the Hon that of courage. Many animals have the liver very 
large, although we do not remark in them any of the qualities 
which has been attempted to palm upon this viscus. The 
wolf, the tiger, the hare, and beaver, have the same viscera, yet 
their inclinations, appetites, and mechanical aptitudes are very 
different and even contradictory." " We know," continues 
Gall, " that impressions being felt in certain parts, in connec- 
tion with the affections and passions, proves nothing as to the 
seat of our sympathies. Jealousy chokes us, commiseration 
painfully contracts the jaws and palate; amorous emotions 
excite violent sneezing ; the sentiment of benevolence bring 
tears into the eyes ; anger produces colic ; and indignation 
causes the knees or lips to tremble. Fretting, fear, anxiety. 
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gi'ief, aud eaiiecially fiLa of auger, acts on the mummary sacre- 
tioES, especially tlie lattei', which reudeva the mother's milk 
injurious, produciug sickiieaB, diarrhcea, and. even the death 
of the offspt'iog. The halitus (vapour) from the lungs ia aome- 
timas almost instantly affected by had news, so as to produce 
foatid breath. Dogs, lite the Kuman species, have sometimes 
been known to produce fits and even dissolution through 
suckling their young after having had a contest with some 
anima! or another dog. 

(437.) The love of offspring depends on organizatioH. — There 
are numerous famihea of inaecta, amphibious animals, and 
fishes, the males and females of which do not trouble them- 
selves about their young. Among birds, the cuckoo is entirely 
a stranger to the love of offspring. But the owners of the 
nests where she deposits her eggs nourish with great care the 
voracious young cuckoo. If taken from the nest and placed 
in the aviary with other birds, or if exposed ia a garden, all 
the birds around seem anxious to adopt and feed it. 

(A38.) The old suparatitious suppositious were that many of 
the ailmeuts of the mind arose from certain disorders or 
diseases attacking the different viacural organs of the body, and 
further it was conjectured that these organs governed in a 
greater or lesser degree our systems, From these fanciful ideas, 
there sprang up a kind of nomenclature, indicating particular 
mental disorders. There was also an assumption that these 
moral pasaiona had their origin directly in distinct visceral 
members of the body. Thus, a person affected with gloom, 
jealously, or d is agree ablen ess, was said to have a " fit of the 
spken," or be "splenetic." The melaucholy or hypochon- 
driacal disposition was attributed to the liver, as were revenge 
and frequent bursts of anger. Certain ardent propensities were 
assigned to the kidiiei/s, or renal organs. Further, our ances- 
tors were accustomed to speak of or refer to the liver as if it 
were capable of certain passions Thus, this viscus was 
thought to have the capacity or to be full of goodness when 
appertaining to the generous, and large in those who were 
brave ; on the contrary, in cowards it was said to be small. 
At the present day a man is still called " white livered " when 
he is deceptive or incapable of friendship. The spleen was 
deemed to be small or worthless in those persons easily given 
to despondency or dejection, whilst with the very jealous, 
chiu-hah or obstinata, it was said to he large. A person who 
was cold in disposition, or possessed of little affection, was 
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reckoned as having diminutive kidneys. If he was full of 
ardour, then these organs were considered to be large. 
Benevolence was supposed to reside in the intestines, hence 
the phra3e '^bowels of compassion." Very many mental 
emotions and sympathies were said to reside in or belong to 
the heart. These absurd ideas relative to the last-named 
organ still possess the minds of most people, as exeniplified 
by their speaking of a good, hard, soft, bad, large and little 
heart ; in fact, the unreflecting, or those not acquainted with 
physiology, attribute a hundred different propensities to this 
viscus, appertaining to humanity, as if it was the mind or soul, 
instead of being merely a hollow muscular, apparatus. The 
Egyptians, as did the inhabitants of India before them, 
believed the heart to be the principal seat of the soul, hence 
this organ was imagined to be the source of all passions, the 
attributive phraseology alluding to which has descended to our 
own times. 

The planets were said by the ancients to act on different 
organs of the body. Thus Jupiter "was imagined to influence 
the liver f Saturn the spleen , Mercury the lungs, and Venus was 
held as presiding over the kidneys ; and I would here remark 
that the foregoing assigned sources of the human passions 
originated from ignorance of the true fountains from whence 
sprang our emotions. To ascribe feeUng and mental excite- 
ment to the heart in reference to affection or malevolence is as 
ridiculous as that of attributing love to a toe-nail, or like 
imagining that spitefulness could reside in a lock of hair. The 
heart has no more to do with propensities or dispositions than 
has the pulsating artery in the foot, or beating blood-vessel at 
the wrist. People do not allude to heart qualities when 
speaking of animals. The heart (except when blessing a pet) 
is left altogether out of the question when describing the 
temperament or disposition of a horse or dog, &c. Anatomy 
and physiology, assisted and proved by our later knowledge of 
the organs of the brain aud the capabilities of the nervous 
system, have revealed to us that the heart, with its cavities 
enveloped by contractible muscles, merely serves to momen- 
tarily propel, through the agency of the brain's magnetic energy ^ 
the blood of the system to all parts of the body. 

The heart of the embryo infant is a mere canal, nearly 
straight, and then becomes curved, as we see in insect life. 

The deductions iu past periods, and in our own times, which 
led people to ascribe sensations and passions to the heart, &c., 
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were that in this organ they felt unaaaineas or pain from 
certftiu experiences, or mental tUsturbaoces, But, the know- 
ledge derived from m.odern discovered phrenological facts, 
assisted by reflection or reason, point out to ua that theae 
aeiisationa are effects, resulting from a distinct action taking 
place in the nervous ayetem, and in no way can be the caiise 
of onr feelings, or the source of the auffetiags or endurances of 
which we hear persona speak as &maaating from the heart, &a. 

A httle meditation must, I thinJt, satisfy the enquirer that it 
will be after the eye has seen something, or the ear has 
detected certain sounds, or the sense of lauch haa conveyed to 
the mind particular feelings, that the heart is found to palpitate, 
or become stilled frojn fright, as in syncope or fainting. Again, 
the sudden boundinga of this organ may be occaaioned from 
esceasive joy, through hearing pleasant or exciting reports, or 
from seeifig some beloved face. Further, it is the impressions 
made on a distant portion of the brain (as the phrenological 
organ of atta/ihvient, by education, or experienced through 
friendship or love, &c., that causes the heart to ache from dis' 
appointed expectation. All our emotions will be found to 
occur from actions taking place in things absent from, or in 
organs and developments not resident in, the heart. The 
rapid beating sounds, or palpitating throbs— when not diseased 
— of this hollow muscle, may be likened perhaps to the moving 
and ringing bell. The cause of its commotion will be found 
at a distance either effected by someone at the gate, or by a 
person in another chamber of the building, who, by pulling the 
handle attached to the wire connected with the apparatus in 
question, gives rise to the recognised sonorous agitation. 

It may be asked what conversationaJ term I would propose 
to make use of in place of employing the word heart to point 
out some of our present ideas as to ita capacities. For lack of 
verbal iibility in the existing state of knowledge, of recognising 
the exact sources from whence spring the causes of the effects 
in qaestiou, we might substitute the term feeling or inclina- 
tion (which results of com'se originate primaiily in the mind- 
govenied brain), and when alluding to certain experienced 
quahties. instead of saying bad, good, revengeful, aad, and 
affectionate heart, we could express ourselves thus— bad, good, 
sad, revengeful, affectionate, or loving propensity, or feeling, 
Ac, /a. In this way we should £ivoid deceiving ourselves and 
others, and employing vague or erroneous expressions. Fur- 
ther, instead of stating that such a man hod a good or kind 
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iuai't , we iiiight proclaim that lie was affectionate aud beue' 
leutly disposed. Agaiu, in place of pronoiinciiig tliat a certi 
person bad a bad heart, we could observe that the iadiviili 
was unaniiable, deceptive, illnatured, or ungrateful. 

It has been discovered by phrenologiate that there are ptw:- 
ticular portions of the brain which distinctly and positively pre- 
side over the functions of each separate viscns, For iustance, tba 
organ of Adhesiveness or attachment, will, when brought into 
action, affect the heart in a most evident and effective maimer, 
It is now well known that the cerebellum, or small brain, tevmed 
by Gall Atnativeness, has dominion over the reproductive organs, 
but the medulla oblongata (that portion of nervous matter 
which connects the small with the large brain) governs the 
mnscidar system. Many physiologists, and especially phre- 
nologists, have noted, that accordingly as certain deveti 
ments are large or small, active or passive, so will be the cot 
dUion — as to character and predisposition to disorder and dis' 
— of the Uver, spleen, kidneys, stomach, and other parts 
tissues of the body. In further confirmation of the proof that 
different developments of the brain act mediately, and some- 
times immediately, on distinct parts of the body, 1 quote the 
following from a daily paper, May, 1873 ; — "Dr. Perrier, of 
Aberdeen. His esperiineutB on the brains of animals. The 
creature to be operated upon is first put under the influence of 
chloroform. The next thing done is to clear away the skull 
and Bspose the brain. Dr. F. then apphes the point of an 
electrode (the surface by wlaich electricity passes into ami out 
of different media) to the convolutions of the sensorium Its 
effect is to excite the functional activity of that part, and there- 
by to show what its real vocation is, One of the first experi- 
ments disclosed the part which is used in wagging the tail. 
Soon after, the centres employed in supplying the limbs, the 
mouth, head, Ac, were discovered, and already Dr. F. lias 
succeeded, to a degree, in mappi?ig out the brain, with all its 
organs or developments distinguished by the sm'e aud rigorous 
test of experiment. Nothing could exceed the interest pro- 
duced by the manipulations. On the table before you is the 
dog with the skull removed. All seems— but for the breathing 
and movement of the brain — an inert mass of matter. The 
Dr. appUes the electrode, and presently the tai! begins to wag. 
All else is motionless. Another touch, and the head is ele- 
vated ; another, and its mouth opens. Again, the magic wand 
touches the sensorium, when the animal seems convulsed with 
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fmr or raije, and tita like epilepsy and chorea, or St. Vitus*s 
dance were elicited, spasmodic rigidity, and other particular 
states of the body were artificially produced," &c., &c. 

The foregoing effects, from the application of ekctwdes to 
the naked brains of sleeping animalB, will recall the attention 
of many persona to the varied results frequently produced 
upon the hmnau subject in past periods, both by mesmerists 
and electro -biologists, and will render individuals of the pre- 
sent day unacquainted with animal magnetism more capable 
of appreciating Pkreiiology ; a science which most positively 
displays how and whence spring onr varied propensities. 
These recent electrical experiments on the lower animals 
remind me of the effects I first saw developed on various per- 
sona thirty years ago, by the application of the finger to the 
different organs of the head, which proceeding called forth tho 
separate propensities appertaining to our systems. This 
digital process was at that time— as now — ioTmed phrefioti/pties, 
as indicative of the manipulator's capability of acting on the 
mind through the touch or tap of the finger. 

I would here observe that the animal — as far as our pre- 
sent experience extends— only answers to electro -magnetic 
appliance:! in the chloroform shcp ; but it has often been 
demonstrated that the human being can be acted upon when 
sent to sleep, either through animal magnetism, chloroform, 
or nittous-osid gas, and also fi-equently reapouds to certain 
manipulations in the natural sleep. It has likewise been 
recognised in very many cases that the touch of the operator's 
fingers will ehcit or arouse into activity the propensities resi- 
dent in children and adults, when fully awake, or in the com- 
mon or ordinary condition of hfe, as witnessed when influenced 
by the electro-biologist, who effecta the same results on an 
individual's developments merely by means of his magnetic 
will-energy, making the party acted upon display every pro- 
pensity belonging naturally to the human family. This latter 
process or ability, exercised by these eleetro-b' 
termed phrcjto-magnetism. 
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OPTICS. 



439. Optics. — (Gr. optomai, I see) — That branch of 
physical science which treats of light and vision. Relative 
to this branch of knowledge — as it is now taught — light is 
regarded as proceeding from the object to the eye, in three 
different ways. 1st. — Directly ^ or without any change in its 
course ; 2nd, in a direction which is bent or refracted like a 
rod, when it is thrust into a transparent fluid — and, 3rd, in a 
path, where, meeting some other object, it becomes reflected — 
like the thrown ball — after striking a soUd surface. All visible 
objects may be divided into two classes — 1st, self -luminous ^ 
as the sun, stars, flames of every kind, and bodies which shine 
by being heated ; and 2nd, lion-luminous^ as those that have 
not the ability of throwing off light from themselves, but 
reflect back the luminous rays which fall upon them from 
light-giving objects. 

I. Buffon in 1747, with a combination of plane or flat 
mirrors (amounting in number sometimes to 400). placed in a 
square frame, and brought to bear upon the object by means 
of screws, succeeded in melting lead and tin at the distance 
of 50 yards, and in burning light substances at a space of 75 
yards. These results were effected in March. With summer 
heat, and a better apparatus, he states, that he no doubt 
could have produced combustion at 140 yards, a remoteness 
probably double that which Archimedes effected his conflagra- 
tion. 

II. Shadows are not seen as realities ; we know them only 
by privation. Darkness and coldness are negative terms, and 
only express the absence of light and heat. 

III. When we observe a light beyond a sheet of water at 
the horizon, we perceive a long luminous train which follows 
our motions, showing that luminous rays, or rather their 
effects, spread in all directions, by reason that the elementally 
matter of light exists everywhere and in all thingSy and re-acts 
when acted upon. 
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IV. The rays of light — like pondorabla bodies — H.re robbed 
of their intensity of motion hyreflootion, and deflected, accord- 
ing to their angle of inoideace or direction of fall. Seep. 89(a). 

V. Light is partially polarised or rendered incapable of 
reflection and traaamisaion in certain directions, when it is 
reflected from pohshed metallic surfaces, and also when cast 
back from the clouds, the blue sky, and the vapour that forms 
the rainbow. 

VI. A variety of colours like thrjae in the feathers of a pea- 
cock's tail, appear upon pressing — when in the dark— on the 
corner of the eye. This result is produced by exciting into 
action the fibres of the phrenological organ of Colour, which 
wakes up in the brain the memory or the iconographed (image 
vpritten) operations of certain tints, Uke we hear music in a 
dream, when the developments of Melody and Time burst into 
action as these organs become pressed upon by the pillow 
during sleep. Or* it may be that the applied pressure to the 
eye stimulates the nervous fibriHas, making up the brain 
development of Colour, to take cognisance of the tinted matter 
present in all medica, and of course resident in and around 
the phrenological development in question. 

VII. The long-sighted eye receives a greater benefit as 
■egards vision by means of light — from a convex lens, than the 

short-sighted eye does from one that is concave. Por an object 
observed — as regards the organs of vision — ^through a convex 
lens, is not only magnified, but is seen brighter by the eye 
receiving a larger pencil of hght from each visible point, on 
account of the raya entering it, being less divergent. On the 
contrary, a concave lens, not only diminishes objects, but also 
renders them darker, because the raya are thus transmitted 
more diverging to the eye, and consequently the pupil cannot 
leivQ so many of the reflected and emanating luminous 
undulations as it otherwise would, 

VIII. Absorption of light — and its associated colour elements. 
If bodies — as is generaUy suppoaed - took up or assimilated 
the luminous raya that fall on them, they must acoumulate in 
the recipient substances in question, which must then become 
permauently lighted up, and of coarse would assume a kind of 
phosphorescent character ; but the fact is that the undufatory 
motion of these beams is merely arrested, and of course their 
intensity of operation is overcome, like that of the flying 
missile after striking against an opposing object. Now the 
light —and its intermixed colouring matters — being impouder- 
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able, canuot — like the arrested miseile — gravitate aJter 
tact, aud are, therefore, when rendered, to a degree inoperatii 
imperceptibly diffused, and afterwards conducted or radiat 
away by, or into the aun'ounding media. 

IX. The nearer we approach objects, the more distinct th( 
appear to onr perceptive faculties. Thia result ensues in coi 
sequence of the nndulatory qualities &om adjacent thiu] 
being of greater intensity thau when they are remote ; for it 
well known that the ^Mawfiti/ofquaJitative pulsatory vibrations 
from bodies ia the aaine, whether we are close to or far from 
them. Again : Light, according to its brightness or vehemence, 
enhances the operative action of the nndulatory attributes, 
always emanating from every substantive entity. It is through 
these pulsatory qualities, bursting from all bodies at all times 
—which are enhanced by light— that they are enabled to 
engrave, or rather icotiograph (image-write) themselves on sur- 
rounding objects, which is readily detected when they act on 
very sensitive surfaces, as we see demonstrated in what has 
been erroneously termed the plwtographic process. See 
p. 28, 319, 320, 321. 

X. The true reason why we perceive a coutinuons circle on 
whirhng round a burning fire-stick, is, that the operation acta 
on the nerve-fibres of that portion of the brain which 
appreciates hght and colours, &c., and throws them into 
a trembling motion for the time being, like the quivei-ing 
string of an instrument that is seen to vibrate for a period 
after being excited into sounding action. 

JQ. If it was through light alone we saw objects, all entiti 
would appear as though close to the eye, as exemplified 
people after couching for catai'act. It is then by habit, 
rather through education, that in our ordinary state, the brain 
judges of the correct distance of substantive things. If it was 
solely by means of the eye we perceive objects, the brain 
would not require instruction by experience. Clairvoyants, 
aomnambules, as we!! as cliickens, and other animals, need no 
practice to become apt in regard to this subject, the young of 
the domestic hen judge of space the moment after leavii ~ 
their shells. 

XII. On squinting with both eyes we see each objei 
double, but not if we shut one of the organs of vision and squi 
with the other. Here the mind can attend only to certain a 
the effects produced by hght. The same result ensues — for.jH 
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time— when strabismus {obliquity of vision) is induced from 
injury. 

XIII. Fnrther : If we saw objecta solely by the means of 
hght we should of course perceive everything upside down, 
since the luminous rays reflected from our surroundings 
imprint themselves in this position on the retina. (The not- 
like espsjiBion of the optic nerve,) 

XIV. The eyes may be in every way perfect, but if the brain 
behind them —which appreciates all objects — become disordered 
or diseased, the human mind and life principle of animals 
cannot receive cerebral intelligence by means of the eyes. 

XV. People have often become blind of one eye without 
being in any way conscious of the defect, until discovered by 
accident. If it was through the oi^ans of vision aloneyi& took 
cognizance of the objecta that surround us, this imperfection 
should have been made evident at once or by degrees to the 
person minus the natural capability (whatever that may be) 
ol the organ in question, 

XVI. As regards the colour-rays intermixed with those of 
light.— It is found that each elementary imponderable tiuted 
ray situated in a beam, of hght, w^hen separated and insulated 
from its associated hues, is found to be incapable of further 
decomposition, like one of the simple or single constituents of 
compound ponderable bodies. 

XVII. Colour-hlind people. These persons can see and 
estimate the presence and form of things but not their tints, 
This fact shows that it is not the eye that appreciates the hues 
of objects, but a piece of brain-ma.tter, viz., the phrenological 
organ of Golotir. It has been calculated that one out of every 
18 persons are Colour-bhnd. See pp. 25, 26, 54. 

XVin, As much light is propagated round a corner or screen, 
as sound ; which, as regards the latter, can be readily esempU- 
fied by taking a tuuing-fork, and holding it (when set in 
vibration) about three or four inches from the ear, with its flat 
sides towards theauditory apparatus; the sound will then be dis- 
tinctly heard. Thus let a strip o! card somewhat larger tlrna the 
flat of the tuning-fork be interposed at about half-an-incli from 
the trembling instrument, and it the card be by turns removed 
and replaced in quick succession, alternations of sound and 
silence will be perceived ; proving that undulations of sound 
are by no means propagated with equal intensity by the 
circuitous route, round the edge of the card as by the direct 
one. Indeed any person has only to be convinced of the fact 
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to attend to the aouncl of a carriage in the act of turning a fl 
nrr from the street in which it happens to be, into an J 
joining one. 

XIX. Light when polarised has been proved to have sidq 
thus the connnon luminous ray is cylindrical, whilst the polari; 
beam is four-sided, lite a prismatic rod, proving that light, like 
the elements of sound and ponderable matter, is capable of being. 
thrown or moulded into form. Sea Chladni'i Experiments on 
Sound. 

XX. Luminosity. — In proportion as we lose in intensity we 
gain in volume ; the Ught becomes weaker the further it is 
from the burning body, but be it observed that it is filling a 
wider space. Here again an imponderable element puts on 
the character of gravitating matter, which loses ability accor- 
dingly as it is diluted or rendered less intense. 

XXI. Eefrdction of the rays of li^ht.—The two sides of a 
pane of window-glass not being perfectly parallel to each 
other, objects seen through it appear as if distorted, and as 
tlie obliquities in the glass are very various, the distortiona 
are equaUy grotesque and numerous. Some windows are 
purposely ground on one surface to produce universal and - 
minute refraction, and thus so great a confusion is introduced 
among the rays, that objects — in our ordinary state — are not 
distinguished through the glass. It has been found tliat. by 
means of an able refraction, objects at a great distance, or 
situated round the back of a hill, or considerably beneath 
the horizon, are brought into sight. This optical illusion has 
been called by the French, mirage (see p. 78), and is very 
common at sea, especially in high latitudes, and sometimes 
witnessed on land, particularly in Egypt and Persia, and ou 
the margins of large slieets of water. This phenomenon 
arises from the unequal refraction in the lower strata of the 
atmosphere, and causes remote objects to be seen double, as 
if reflected in a mirror, or to appear suspended iu t 
When this effect is confined to apparent elevation, the I 
sailors call it looming ; when inverted images are foni 
Italians give it the name of Fata Morgana {castles i 
Fairy Morgana.) Ships in the whale fisheries ara < 
discerned and sometimes known at great distances. 
Scoraby recognised his father's vessel — without km 
was at sea — 30 miles o£f, being 17 miles beyond the h 
and some leagues past the Umit of <hrect viaitm c 
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